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SUMMARY 
Of primary importance in this work was the 
identification of the locations of uranium mill tailings, 
or any wastes containing long-lived radionuclides around Port 
Radium. On the peninsula, depressions were utilized 
initially for waste disposal durin'g the uranium mining era, 
as for example Radium Lake and Murphy Lake. Radium Lake has 
been covered for some time with waste rock and overburden. 
Since the closure of the silver mine in May 1982, Echo Bay 
Mines Ltd. has undertaken the covering of most of Murphy 
Lake with waste rock. The West Adit Tailings Area was the only 
area identified on land where wastes from the uranium milling 
operation have collected but remain uncovered. Minor amounts 
of uranium tailings are found on the rock slope above West 
Adit and in the spillway of Murphy Creek. About one million 
tons of uranium mill tailings have been discharged into 
Murphy Bay, viaMurphy Creekand down the slope of West Adit. 
Though the uranium wastes had a weak acid 
generation potential, acid generation was evident only in the 
wastes which remain deposited on land. The tailings samples 
recovered from Murphy Bay were alkaline. Based on the 
parameters considered in this study, deep lake disposal 
appears, in retrospect, to have been an acceptable solution 
for uranium tailings disposal at Port Radium. On the other 
hand, the small amount of tailings and wastes in the West 
Adit Area indicated the problematic nature of terrestrial 
disposal. It is concluded that, in the vicinity of Port 
Radium, the water quality has not been affected by the uranium 
and radium tailings discharged from 1933 to 1960. 
The Silver Point Tailings Area was originally a small 
bay created by the construction of a causeway to Silver Island. 
This bay received the radium tailings which were later dredged 
for uranium extraction, then the bay was refilled with 
silver tailings between 1964 and 1975. This tailings area and 
Garbage Lake, which was used initially as a garbage dump, 
then as a tailings disposal site since 1975, are the only 
silver tailings sites on land. 
The Silver Point tailings, which form beaches 
on Cobalt Channel, and Garbage Lake, with silver tailings in a 
well confined basin, were not apparent sources of 
contamination to Great Bear Lake in their existing 
condition. Water overlaying the tailings in Garbage Lake 
prevents aerial dispersal of tailings, but more importantly, 
the thermal stratification of the water inhibits potential 
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migration o f  contaminants into the surface water. The only 
apparent effect of the effluent from Garbage Lake was the 
algal bloom in Bear Bay. The Silver Point Tailings Area had 
mainly coarse tailings on the surface, hence wind 
dispersal has been minimized. A waste rock cover over the area 
is not recommended, as contamination may result from 
increased pressure on the waterlogged area, causing 
extrusion of contaminated porewater into Great Bear Lake. 
The alkaline silver tailings in LaBine Bay and 
Cobalt Channel did not produce acid, nor did they contain 
high concentrations of radionuclides and heavy metals. Since the 
solubility of most heavy metals and radionuclides in alkaline 
systems is low, changes in the water quality are unlikely to 
occur. It is concluded that the water quality o f  Great Bear Lake 
has not been affected by discharges of either the uranium or the 
silver tailings. Weathering of the waste rock produced localized 
increases in metal concentrations in the water, but dilution 
had minimized the extent of the area affected. 
Two tons of pitchblende were shipped to Madame Curie 
for her studies on radiation which lead to a Nobel Prize and 
later uranium was shipped to the Manhattan project. 
In conclusion, the assessment of the environmental 
effects of the waste sites on the peninsula and on the 
surrounding waters revealled that, although 1.5 million tons of 
silver and uranium tailings are in close contact with Great Bear 
Lake water, environmental problems were not evident. 
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1.0 INTRODUCTION 
1.1. Introduction 
In the early 1930fs ,  Gilbert LaBine discovered an ore 
body on a small peninsula on the eastern shores of Great Bear 
Lake. Radium, uranium and silver were the principal ores 
mined in Port Radium between 1933 and May 1982 when the last 
ton of silver ore was mined by Echo Bay Mines Ltd. 
Underground workings were closed, and mine and mill buildings 
are being dismantled presently as part of the general 
restoration of the site. 
The Environmental Protection Service (EPS) carried 
out an initial survey of radionuclide and metal 
concentrations in sediments around the Port Radium peninsula 
in 1978. Monitoring of Great Bear Lake water quality was also 
carried out in March of 1982 by Indian and Northern Affairs 
Canada. In 1982, EPS contracted with the University of 
Toronto to assess the condition of the waste sites at Port 
Radium. After an initial survey, the locations and physical 
and chemical characteristics of the wastes sites were 
described in detail, as well as the occurrences of indigenous 
vegetation which had invaded the waste sites. 
Water sampling in 1982 identified the potential for 
contamination from some waste areas during spring run- 
off. During the dry summer months, however, no-- 
contamination of Great Bear Lake from the tailings areas was 
observed. In 1983, the question of contamination from the waste 
area during runoff was addressed with a more intensive water 
sampling program. 
1.2 Objectives of the Study 
The objectives of the work at Port Radium were to 
determine the distribution o f  the uranium mill tailings on 
the peninsula and in the surrounding waters. The wastes from 
the radium and uranium extraction operations were compared to 
the silver tailings and both are described to provide an 
assessment o f :  
1)  physical and chemical characteristics of the waste sites, 
their effluents and the water in the vicinity o f  the 
peninsula; and 
2)  the environmental implications of the mining wastes on the 
peninsula and in the surrounding waters. 
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1.3. Site History And Description 
1.3.1 Site History 
One of the first pitchblende ore bodies in the world 
was discovered in the early 1930 's  by Gilbert La Bine on the 
Port Radium peninsula. In 1933, Eldorado Mining and Refining 
Ltd. began a radium extraction operation at a rate of 50 tons a 
day, using a gravity plant to produce a concentrate from mined 
ore. Uranium at that time was only a byproduct, and was 
discarded with the radium tailings into a bay which had been 
created by the construction of a causeway to Silver Island (now 
called Silver Point)(Map 1). 
Leaching techniques for the extraction of uranium 
were developed between 1947 and 1949. The first sulfuric 
acid leach plant in Canada began uranium extraction at Port 
Radium in April 1952. In addition to ore from the milling 
operation, the radium tailings previously discarded into the 
bay were dredged to be used as feed for the leach plant 
(Hoffman, 1957). Between 1952 and 1960, approximately 340,000 
tons of tailings had been reclaimed from the bay (DIAND File). 
Griffith (1967)  reported that the mill was operating at an 
increased capacity of 300 tons per day by April 1960. On 
September 16, 1960, the operation shut down due to the 
depletion of the ore reserve. 
From the records of uranium milling, an estimated 
1,000,000 tons of tailings were discarded (Wollett, 1972). 
Tailings were discharged into Radium Lake and Murphy Lake to 
create working space, but a far greater proportion of the 
tailings disappeared into the deep waters of Great Bear Lake 
near the West Adit (Map 1) .  
In 1 9 6 4  Echo Bay Mines Ltd. began a silver 
extraction operation at Port Radium, re-using some of the 
facilities of Eldorado Mining and Refinery Ltd. Milling 
started in the same year at the rate of 100 tons per day, 
Processing ore from the new Edgar shaft (also known as Adit 
# 3 ) .  By 1975, the capacity of the mill had increased to 150 
tons per day. About 260,000 tons of ore were processed by 
the Echo Bay mill operation from the #3 adit (P.c., G. 
Karklin ). The alkaline tailings, and mill process liquors 
were discharged into an uncontained area outside the mill, 
accumulating to form the Silver Point Tailings Area or flowing 
into Cobalt Channel (Map 1). Minewater was discharged to Labine 
Bay. 
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Map 1 :  Overview of the waste areas on the Port Radium peninsula. 
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I n  1972- 73, Roy and V e z i n a  (1973) i n v e s t i g a t e d  mine 
waste management, i n  t h e  Great Bear Lake area.They recommended 
t h e  u s e  o f  a c o n f i n e d  b a s i n  f o r  f u t u r e  t a i l i n g s  
d e p o s i t i o n .  After  c o n s i d e r a t i o n  o f  s e v e r a l  o p t i o n s  f o r  
t a i l i n g s  d i s p o s a l ,  McDonough Lake w a s  a p p r o v e d  as t h e  
most s u i t a b l e  t a i l i n g s  d i s p o s a l  s i t e  on t h e  p e n i n s u l a .  The 
l a k e  had been used a l r e a d y  f o r  some years as a garbage  d i s p o s a l  
s i t e .  It  w a s  a conf ined  b a s i n ,  large enough t o  h o l d  t a i l i n g s  
f o r  an  e s t i m a t e d  25 y e a r s  of mine o p e r a t i o n .  A t  p r e s e n t  i t  
i s  commonly r e f e r r e d  t o  as G a r b a g e  Lake ,  a s u i t a b l e  name 
s i n c e  s c r a p  metal  from t h e  E ldorado  Mining and R e f i n i n g  Ltd. 
o p e r a t i o n  w a s  d e p o s i t e d  t h e r e  (Chambers, 1973). Garbage Lake 
became t h e  o n l y  t a i l i n g s  pond and  g a r b a g e  dump o f  t h e  P o r t  
Radium mining town. 
Between 1975 and 1982,  243,000 t o n s  of  o r e  were mined  
from t h e  dewatered E ldorado  mine ( S h a f t  # I ) .  The t a i l i n g s  and 
mine  wastewater were t r e a t e d  w i t h  b a r i u m  c h l o r i d e  and f e r r i c  
s u l f a t e  k o  p r e c i p i t a t e  r a d i u m  and a r s e n i c  r e s p e c t i v e l y ,  t h e n  
d i s c h a r g e d  i n t o  Garbage  Lake. The l a s t  t o n  o f  s i l v e r  o r e  was 
m i l l e d  i n  May, 1982. I t  i s  e s t i m a t e d  t h a t  t h e  s i l v e r  m i n i n g  
o p e r a t i o n  p r o d u c e d  a t o t a l  o f  a b o u t  a h a l f  m i l l i o n  t o n s  o f  
t a i l i n g s .  
1 .3.2 S i t e  D e s c r i p t i o n  
P o r t  Radium i s  l o c a t e d  on a p e n i n s u l a  on t h e  
e a s t e r n  s h o r e s  o f  Great Bear Lake midway a l o n g  t h e  
McTavish  A r m .  B a t h y m e t r i c  maps o f  Great  Bear Lake i n d i c a t e  
d e p t h s  of 300 t o  424 m a r o u n d  P o r t  Radium ( J o h n s o n ,  1975) .  
A n a r r o w  s t r a i t ,  C o b a l t  C h a n n e l ,  l i e s  b e t w e e n  t h e  t i p  o f  t h e  
p e n i n s u l a  and C o b a l t  I s l a n d .  From t h e  c h a n n e l ,  a s t e e p ,  
b a r e  r o c k  s h o r e l i n e  c o n t i n u e s  n o r t h w a r d  u n t i l  becoming  a 
p e b b l y  beach on t h e  Murphy Bay s h o r e  l i n e .  Bear Bay, t h e  p o i n t  
a t  which t h e  d i s c h a r g e  from Garbage Lake e n t e r s  Great Bear Lake, 
h a s  a similar s h o r e l i n e  t o  Murphy Bay. (Map 1 ) .  
LaBine  Bay i s  l o c a t e d  t o  t h e  e a s t  and  n o r t h  o f  
C o b a l t  C h a n n e l .  The o u t e r  p a r t  of t h e  b a y  is  b o r d e r e d  by a 
waste rock causeway on t h e  n o r t h  s i d e  w h i l e  t h e  s o u t h e r n  s h o r e  
o f  LaBine  Bay i s  rocky .  The i n n e r  p a r t  o f  t h e  b a y  h a s  
s h a l l o w  v e g e t a t e d  s h o r e s  on t h e  s o u t h e r n  t i p .  The n o r t h e r n  
t i p  w a s  u s e d  f o r  d o c k i n g  a i r c r a f t  a n d  p l e a s u r e  b o a t s  a n d  f o r  
mining a c t i v i t i e s  r e l a t e d  t o  t h e  #3 a d i t .  
The f o u r  areas c o n t a i n i n g  t a i l i n g s  a re  r e f e r r e d  t o  as 
S i l v e r  P o i n t  T a i l i n g s  Area, Radium and Murphy Lakes, West Adit  
T a i l i n g s  Area and Garbage Lake (Map 1 and P l a t e s  1-4, Appendix 
D) 
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The S i l v e r  P o i n t  t a i l i n g s  were d e p o s i t e d  d u r i n g  t h e  
s i l v e r  e x t r a c t i o n  o p e r a t i o n .  The area w a s  l a t e r  used  f o r  
s t o r a g e .  T h e  t a i l i n g s  beach  a l o n g  C o b a l t  C h a n n e l  is 
ap  rox ima te ly  100 m i n  w i d t h  c o n s i s t i n g  of  compacted t a i l i n g s  
Dur ing  t h e  e x t r a c t i o n  of  u ran ium some t a i l i n g s  
were discharged i n t o  Radium Lake and Murphy Lake. Both aread 
h a v e  s i n c e  been c o v e r e d  by waste rock .  From Murphy Lake a d r y  
c r e e k  bed d e s c e n d s  w e s t w a r d  t o  Murphy Bay. Dur ing  t h e  
uranium m i l l i n g  ope ra t i on ,  t a i l i n g s  s l u r r i e s  ove r f lowing  
from Murphy Lake coursed through t h e  c reek ,  f i l l i n g  t h e  
dep re s s ions  w i t h  t a i l i n g s .  
be K ind an embankment of waste rock. c 
A small d e p r e s s i o n  be low S h a f t  # 1 i s  r e f e r r e d  t o  as t h e  
West A d i t  T a i l i n g s  Rrea. The s t e e p  s l o p e  i m m e d i a t e l y  be low 
S h a f t  #1 had r emnan t s  o f  f i n e  t a i l i n g s ,  and i n  d e p r e s s i o n s  
s u c h  as t h e  West A d i t  Area ,  c o a r s e  t a i l i n g s  were  mixed w i t h  
f i n e s ,  pea t  and s o i l .  
The f o u r t h  area which c o n t a i n s  t a i l i n g s  i s  Garbage 
Lake. A small t a i l i n g s  beach is l o c a t e d  a t  t h e  sou the rn  end of 
t h e  lake. The o r i g i n a l  l ake  l e v e l  w a s  c o n s i d e r a b l y  lower t han  
a t  p r e s e n t .  I n  t h e  p a s t ,  water  o r  t a i l i n g s  s l u r r y  l e f t  
Garbage Lake o v e r  a weir and e n t e r e d  Garbage Creek  and t h e n  Bear 
Creek . The bed o f  Garbage d r e e k  was d r y  i n  1982 and 1983 
s i n c e  an overburden dam was cons t ruc t ed  i n  1982 t o  c o n t a i n  a l l  
waters from Garbage Lake. T a i l i n g s  f i n e s  were found a t  v a r i o u s  
l o c a t i o n s  a l o n g  Bear Creek. 
2.0 METHODS 
2.1. F i e l d  Sampling Methods 
2.1.1. Water 
The q u a l i t y  of  w a t e r  w h i c h  w a s  a s s o c i a t e d  w i t h  
t a i l i n g s  and s e d i m e n t s  was o f  p a r t i c u l a r  i n t e r e s t  i n  t h i s  
sampl ing program. Therefore ,  sampl ing s t a t i o n  l o c a t i o n s  i n  t h e  
v i c i n i t y  o f  P o r t  Radium were  d e t e r m i n e d  a f t e r  a n  i n i t i a l  
s u r v e y  w a s  c a r r i e d  o u t  o f  t h e  t y p e s  o f  bo t tom m a t e r i a l s .  
D i s s o l x e d  oxygen,  t e m p e r a t u r e  and c o n d u c t i v i t y  p r o f i l e s  
When w e r e  d e t e r m i n e d  i n  t h e  w a t e r  co lup ln .  
s t r a t i f i c a t i o n  w a s  e v i d e n t ,  water from t h e  bottom w a s  sampled 
w i t h  a Van Dorn b o t t l e ,  a l o n g  w i t h  s u r f a c e  water f rom t h e  
t o p  meter. Due t o  equipment f a i l u r e  i n  bo th  y e a r s ,  sampl ing 
had t o  be r e s t r i c t e d  t o  t h e  s u r f a c e  a t  some l o c a t i o n s .  A l l  
water sampl ing l o c a t i o n s  are g iven  i n  Map 2. 
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Map 2: Water sampling locations in 1982 and 1983. 
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In 1982 one-litre samples of water for metal analysis 
were filtered (0.45 um) within 6 h of collection and acidified 
to pH 1 o r  less with concentrated nitric acid. The 
acidification was checked after 48h and additional acid added, 
if required. In 1983, 0.5 1 of water was filtered for metal 
analysis as before, but additional, unfiltered 0.5 1 samples 
were acidified for radionuclide and metal analyses. 
In a waterlogged area on the Silver Point Tailings Area 
Porewater was extracted from the tailings by driving a front- 
end loader back and forth in the same location several times. 
Primary productivy was determined for Great Bear Lake 
at location 5W8 (Map 2) and in Garbage Lake (stations 1W8, lW9 
and 1WlO)in June 1983. 100 ml vials were filled with 
surface water in several replicate sets and 25 ul (or 10 
Uci) of C14 were incubated in situ for 4 h. After 
incubation, the water was fil’>rery-and the filter papers 
were rinsed with lake water several times and then air dried. 
Productivity estimates were derived by subtracting dark vial 
counts from light vial counts. 
2.1.2 Sediments 
Sediments were collected with an Ekman grab. 
Upon retrieval, the grab was placed carefully into a plastic 
pail, where pH, oxygen and conductivity were measured 
immediately. Where possible, the layers of sediments were 
sampled separately. The samples were frozen in plastic bags 
before shipment to the University of Toronto. 
Conductivity and pH were redetermined in the laboratory 
and the samples were kept frozen until further preparation 
proceeded. Sampling locations are shown in Map 3. 
2.1.3 Tailings and Soils 
Grab samples of tailings or soil were collected 
during the reconnaissance of the waste locations, and slurried 
on site (1:l v/v) to determine pH and conductivity. These 
preliminary field measurements were used to determine 
additional sampling locations. Only samples of solids were 
analyzed for radionuclides in 1982 as a means of characterizing 
the major sources of contamination. This approach facilitated a 
focused water sampling program in 1983 after the potential 
sources of water contamination had been identified. 
The solids were collected with a hand trowel and stored 
in plastic bags. Sampling locations of tailings and soil 
are depicted in Map 3 for the entire area investigated. 
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A S U R F A C E  S A M P L E  
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_ _ _ _  ROAD 
1.0 km 
Map 3:  T a i l i n g s ,  s e d i m e n t  a n d  s o i l  s a m p l i n g  l o c a t i o n s  on  o r  
a r o u n d  t h e  P o r t  R a d i u m  p e n i n s u l a .  Areas A ,  B, a n d  C 
are shown i n  more d e t a i l  i n  Map 4. 
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Detailed sampling locations are given for West Adit, Murphy 
Lake and Silver Point tailings (Map 4). The sampling consisted 
either of single grab samples or, if distinct strata were 
present, samples from each strata of the profiles. 
The pH and conductivity meters were calibrated 
daily with buffers and standard solutions, respectively. The 
values of pH and conductivity reported are those determined in 
the laboratory based on a 1:l (w/v) slurry prepared with 
distilled water. Conductivity and pH measurements in the 
laboratory were in good agreement with the results determined 
directly in the field. See Appendix B for details o f  the pH and 
conductivity determinations. 
2.1.4 Vegetation 
Biota living in association with the waste material 
were collected and identified to assess the potential 
for colonization of waste materials. Aquatic periphytic algae 
and terrestrial plants were collected in effluent creeks or on 
the waste material. Vascular plants were identified by 
C.Manville and are deposited at the Herbarium (Department 
of Botany, University of Toronto) Bryophytes were also 
collected and specimens are at the National Museum in Ottawa. 
The major groups of algae were identified by J.H. Hellebust 
(Department of Botany, University of Toronto), using samples 
preserved in Lugol's solution. A description of the sampling 
locations is presented in Appendix D. 
2.2. Laboratory and Statistical Analysis 
Detailed methods for the analyses outlined below are 
presented in Appendix B. 
2.2.1 Water Analysis 
All 1982 water samples were analyzed unconcentrated by 
ICP (Inductively Coupled Plasma Argon Spectrophotometry). 
Detection limits for ICP analysis of the samples are given in 
Ap endix A along with the results. The instrument specifications 
an$ the theoretical detection limits for the analysed elements 
are given in Appendix B. Arsenic concentrations of some 
samples were determined in addition to the ICP analysis by 
the Flow Injection Hydride Generation Method, since this method 
results in a detection limit of 0.0005 mg/l, which is much lower 
than the ICP limit of 0.002 mg/l. 
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Map 4: S a m p l i n g  l o c a t i o n s  on waste areas on t h e  P o r t  Radium 
pen insu l a .  
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In 1983, three litres of unfiltered water were 
analyzed for Ra-226, Pb-210 and uranium by the Saskatchewan 
Research Council (SRC). One half-litre samples of filtered and 
unfiltered water were analyzed by atomic absorption 
spectrophotometry at the Department of Indian Affairs and 
Northern Development (INAC) Laboratory in Yellowknife. 
2.2.2. Solid Samples 
The samples of tailings, soil and sediment 
collected in 1982 were homogenized, then oven dried and 
ground with a hand mortar. The ground samples were brought 
to constant weight at 75 C. F o r  analysis by neutron 
activation a subsample of 0.5 g was irradiated at the slowpoke 
facility at the University of Toronto. An additional gram of 
the sample was used for analysis of Ra-226 and Pb-210 
performed at the University of Waterloo in the laboratory of Dr. 
H. Sharma. 
Percent loss on ignition (L.O.1) was determined on 3 t o  
4 g of material ignited at 450  C for 4 h at the University of 
Toronto. 
Sediments, tailings and soil samples collected in 1983 
were prepared and analyzed f o r  metals in the DIAND 
Laboratory. Radionuclides were determined by SRC. 
2.2.3 Acid Generation Potential 
Tailings and sediment samples were collected for 
acid generation potential in 1983 in the same way as 
described earlier for metal o r  radionuclide analysis. The 
tests were performed by BC Research. 
2.2.4 Data Processing and Statistical Methods 
All data collected in 1982 were formatted in a manner 
compatible with other data on uranium mill tailings (KALIN - 
AECB DATABASE). The results of the water analysis in 1983 were 
added to the data of the previous year. Calculations were 
carried out using the SAS package (SAS version 82.3) 
supported by the University of Toronto Computer Services. 
The procedures PROC SORT, PROC TABULATE, PROC MEAN and 
PROC CLUSTER were used to generate the relevant statistics for 
the report (SAS, 1981). 
11 
3.0 RESULTS AND DISCUSSION 
3.1 Locations and Characteristics of the Waste Material 
3.1.1 Location and Physical Characteristics 
The location of waste material is important in relation 
to potential environmental degradation. For example, Garbage 
Lake, Murphy Lake and Radium lake are confined areas, 
preventing direct contact of the tailings with Great Bear Lake, 
while the Silver Point tailings beach lies at the edge o f  Cobalt 
Channel. Waste water from the confined areas could reach Great 
Bear Lake only through subsurface seepage or above-ground 
flow. The texture and pHof waste s w i l l  indicate the type of 
potential problems such as leaching of contaminants.The 
characteristics of the leachate is in turn determined by the 
chemical composition of the waste. 
Major differences in pH and electrical .conductivity 
were noted between some materials from West Adit and the 
tailings from Silver Point, Murphy Lake and Garbage Lake. 
These differences are important with respect to the potential 
for mobility of metals and radionuclides. In Appendix A, the 
values o f  pH, electrical conductivity, percent moisture 
content and organic content (L.O.I.) are summarized for ten 
locations. In Table 1 ,  a summary of the ranges of pH and 
conductivity is presented for silver tailings from Garbage 
Lake and Silver Point , f o r  sediments from Cobalt Channel and 
LaBine Bay and for the solids from the West Adit Area. 
These results suggest, given the pyritic uranium ore and 
the carbonaceous silver ore, that the material in West 
Adit originated with the uranium mining activities because of 
the low pH in some samples. Furthermore, West Adit is located 
in the direction in which the uranium tailings have been said 
to have been discharged after Radium Lake and Murphy lake were 
filled ( p.c. C. Lendrum , E. J o e  ). Acidity alone, however, 
does not indicate the origin of the waste, particularly as 
exposed rock in this area is often "streakedqq as a result 
of pyrite oxidation. Control material collected had a pH of 
3.1 (Appendix A). 
The texture and stratification of materials are 
important factors affecting the mobility of metals'and 
radionuclides. Fine tailings generally contain higher 
concentrations of radionuclides than coarse tailings. Thus 
the potential for leaching of contaminants from a layer of 
fine tailings on the surface is greater than from a layer Of 
coarse tailings on the surface. Fines are more easily 
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d i spe r sed  by wind and more e a s i l y  suspended i n  water  when 
dry .  The p r o f i l e s  o f  S i l v e r  P o i n t ,  Murphy Lake a n d  West A d i t  
( F i g u r e  l a ,  b and c )  i d e n t i f y  t h e  r e l a t i v e  l o c a t i o n  o f  t h e  
t a i l i n g s  t e x t u r e s  i n  t h e  p i t s .  
TABLE 1 :  RANGES OF pH AND ELECTRICAL C O N D U C T I V I T Y  
I N  WASTE MATERIAL 
L O C A T I O N  C O N D U C T I V I T Y .  
umh o s / c m 
TAILINGS min max n 
S i l v e r  Point  
and Garbage 
Lake 7.2 8.6 15 
min max n 
140 850 15 
~~ 
SEDIMENTS 
LaBine Bay and 
Cobalt Channel 7.4 8.6 15 430 5200 15 
TAILINGS 
West A d i t  3 - 6  7.6 19 80 220 19 
The s t r a t i f i c a t i o n  i n  t h e  S i l v e r  P o i n t  t a i l i n g s  ( F i g .  
l a )  w a s  homogeneous. I n  a l l  p r o f i l e s  examined i n  t h e  main 
t a i l i n g s  area ( s a m p l e s  8T5 ,6 ,7 ) ,  a p p r o x i m a t e l y  60  cm o f  
coarse  t a i l i n g s  o v e r l a y  v e r y  t h i n  l a y e r s  o f  f i n e ,  c l a y - l i k e  
t a i l i n g s .  Two o f  t h e  p r o f i l e s  were t a k e n  f rom t r e n c h e s  o f  
a b o u t  40 m i n  l e n g t h .  The t h i c k n e s s  o f  t h e  coarse  l a y e r  
v a r i e d  l i t t l e  throughout  t h e  t renches .  I n  o t h e r  l o c a t i o n s  t h e  
coarse  l a y e r  was somewhat t h i n n e r  ( 8 T 1  and 8T2). 
I n  t h e  Murphy Lake p r o f i l e s  (F ig .  l b ) ,  a d i f f e r e n t  
s t r a t i f i c a t i o n  of t a i l i n g s  material w a s  ev iden t .  A g r e a t e r  
v a r i e t y  of  t e x t u r e s  and waste materials was observed.  Numerous 
v e r y  t h i n  s t r a t a  o f  f i n e  t a i l i n g s ,  a t h i n  l a y e r  o f  c o a r s e  
t a i l i n g s  and, i n  some case s ,  p rocess  s l imes depos i ted  on t h e  
s u r f a c e  could be d i f f e r e n t i a t e d .  P i t s  were examined on ly  i n  
areas where waste rock d i d  no t  cover t h e  s u r f a c e .  
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F i g u r e  la :  Dep th  and t e x t u r e  o f  s t r a t a  i n  p r o f i l e s  on t h e  S i l v e r  
P o i n t  t a i l i n g s  area. 
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Figure lc: Depth and texture of strata in profiles examined on the 
West Pdit tailings sites. 
The stratification of West Adit profiles was the 
most varied (Fig. lc). In some locations, peat or moss 
covered coarse tailings ( 9Tl3 ), while at other locations 
coarse tailings were on the surface and strata of organic soil 
Or fines were underneath. 
The stratification of waste material was clearly 
different in all three locations. Coarse material was mainly 
deposited at Silver Point due to the movement of tailings fines 
into Cobalt Channel along with the tailings liquors, leaving 
behind only the more rapidly-settling coarse tailings. In 
Murphy Lake a more regular pattern of fines and coarse 
tailings were noted, indicating that tailings liquors had 
ponded providing adequate time for the fines to settle out. On 
West Adit, the layering was varied, indicating that this 
area had received wastes in a rather random fashion and was 
unlikely part of a regular tailings discharge system. 
3.1.2 Chemical Characteristics 
3.1.2.1 Radionuclides 
The results of radionuclide analysis of samples 
Radionuclide concentrations in sediments collected from the 
surrounding waters are given in Fig. 3. 
Clearly, the West Adit area had the highest 
concentrations of Ra-226 and Pb-210. Two sediment samples, 5S3 
(tailings) and 5S4 (natural sediment), also contained elevated 
concentrations of radionuclides, with 1 1  2 and 325 pCi/g (dry 
weight) of Ra-226, and 56 and 93 pCi/g of Pb-210, 
respectively. These values fall within the concentration 
ranges of samples from the West Adit area. From these data, 
it is evident that the Ra-226 and Pb-210 concentrations in 
West Aditmaterial were high compared to the tailings from 
Silver Point and Garbage Lake. The results of radionuclide 
analysis of samples collected in these three areas in 1982 and 
1983 are presented in Table 2. 
collected on the peninsula are given in Fig. 2. 
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Figure 2: Radionuclide concentrations of solid samples 
collected on the Port Radium peninsula in 1982. 
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Figure 3: Radionuclide concentrations of sediment samples 
collected in 1982 from the waters surrounding the Port 
Radium peninsula. 
TABLE 2 : RADIONUCLIDES I N  TAILINGS FROM SILVER POINT, WEST 
A D I T  AND GARBAGE LAKE 
1982 (Wate r loo)  1983 (SRC) 
C o n c e n t r a t i o n  C o n c e n t r a t i o n  
Sample Tex tu re  Ra-226 Pb-210 Sample Tex tu re  Ra-226 Pb-210 
Code P C i h  P C i h  P C i h  P C i k  
f i n e s  
f i n e s  
f i n e s  9T3 
9r4 f i n e s  
9T5 mixed 
9T7 c o a r s e  
9T7 f i n e s  
9T8 slimes 
s o i l  
f i n e s  
9T8 
9T8 
?;: 243 449 
135 
223 
109 
521 
266 
368 
246 
495 
WEST A D I T  
187 gTg coarse 946 946 
106 gTl0  c o a r s e  81 1 81 1 
278 gTl0  p e a t  378 324 
64 9T11 coarse 676 676 
60 gT12 coarse 81 1 676 
59 9T13 c o a r s e  81 1 676 
34 
189 
32 
73 
SILVER P O I N T  
water 
8 T  1 mixed 20 30 8T4 s a t u r a t e d  67 54 
8 T 3  mixed 3 3 8T5 coarse 19 5 
GARBAGE LAKE 
1 T1 mixed 7 5 l T 5  mixed 54 24 
1 T2 mixed 14 7 
1 T 3  mixed 21 7 
The c o n c e n t r a t i o n s  o f  Ra-226 i n  t h e  West A d i t  
material ranged from 109 (composi te  sample)  t o  521 pCi/g ( c o a r s e  
t a i l i n g s  sample) .  The materials c o l l e c t e d  i n  1983 were m a i n l y  
c o a r s e ,  s u r f a c e  t a i l i n g s .  The sample  9Tg w a s  p e a t ,  9 T l O -  
c o n t a i n e d  a t h i n  l a y e r  of 9Tl2 were c o a r s e  t a i l i n g s  
moss w i t h  coarse t a i l i n g s  (Fig .  l c  . 
The c o n c e n t r a t i o n s  d e t e r m i n e d  i n  1983 a r e  
g e n e r a l l y  c o n s i s t e n t  w i t h  t h o s e  from t h e  p r e v i o u s  y e a r ,  i n  t h a t  
t h e y  are  h i g h e r  i n  West A d i t  mater ia l  t h a n  i n  S i l v e r  P o i n t  
and 9T17 
1 
1 
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tailings. However, 1983 results were higher than those reported 
in 1982. As well, the concentrations of the two 
radionuclides were unusually similar in 1983 samples. These 
similarities were explained as the result of incremental 
rounding (P.c. G. Smithson). In general, it can be stated 
that West Adit material has 10 to 100 times higher Ra-226 and 
Pb-210 concentrations 'than the tailings at Silver Point and 
Garbage Lake . 
3 -  1 2.2 Metals 
The mining history suggested that most of the 
uranium tailings presently reside in Great Bear Lake. Several 
studies indicated potential, long-term environmental problems 
which could be associated with these tailings (Moore 1981 and 
Falk, Miller and Kostiuk, 1973) . It was therefore 
important to differentiate clearly between silver tailings 
and uranium wastes. This can not be done based on acidity, 
radionuclide concentrations and heavy metals alone. 
The concentrations of 13 elements (Co, U, Al, Mg, Mn, 
Na, Ba, Va, C1, I, Dy, Sr, Br) were determined by neutron 
activation analysis of solid samples collected in 1982. Those 
results were used to fingerprint the material with a cluster 
analysis. This statisical procedure groups samples according 
to their elemental similarities. Silver Point tailings were 
placed into a group significantly different from tailings 
from West Adit, Murphy Creek and Murphy Bay suggesting 
differences in the materials. A detailed description of the 
results is given in Appendix C along with the dendrogram. 
The characteristics of known waste material on land can 
be used to identify the type of tailings in the sediments in 
Great Bear Lake, through differentiating the elemental 
composition of the silver tailings from uranium tailings. Metal 
concentrations in the waste material also suggest differences 
between the materials (Table 3 ) .  
Arsenic concentrations in West Adit coarse surface 
tailings were somewhat higher than those in the Silver Point 
tailings, but the concentrations of lead and zinc were lower. A 
eat sample from the West Adit Tailings Area (profile 10T10) had 
98 copper, suggesting that Cu was bound to the organic 
material. The number of analyses for both radionuclides and 
metals was small, but some metal concentrations were distinctly 
different, supporting the conclusion that a difference in 
origin of the waste materials existed. 
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TABLE 3: METALS I N  T A I L I N G S  AND SEDIMENTS 
Sample Sample Ni AS CD cu FE PB HG ZN co 
Loca- Code 
t ion mg/kg 
mean + standard deviation - 
Silver 
Point 8T4 
Silver 
Point 8 T  5 
Garbage 
Lake lT4/5 
1 2163 1.3 5750 41300 1440 3.5 1450 562 
3* 2142 0.8 4490 40770 1277 **2.6 833 55 
+26 
2 1553 0.43 950 65895 1475 1 .1  573 226 
- +lo2  - +0.1 - +272 - +2632 - +27 - +7 - 
- +130 - +o.i - +28 - +4292 - +140 - +.3 - +99 2393 
West 
Adit 9 r 9  1 3591 0.23 2870 36250 337 1 .2  266 55 
Coarse gTlO/ 3 3253 0.3 3400 34420 359 1 .2  390 33 1 T O P  
West 
+81 +0.2 +153 2486 
Adit N 9T13 3* 1413 2.8 7343 45933 73 1 0.8 1883 1800 
1 2  - +471 50.3 - +814 55240 - - - 
- +550 - +.l - +136 53442 - +14 - +.3 - +223 - +338 
Sediments 
Labine 5S12/ 2 57 2 -35  1765 29055 132 0.3 184 300 
Bay 13 - +744 - +.2 - +2227 - +2905 - +132 - +.3 - +99 2393 
* replicate analyses ** n=l 
3.1.3 Acid Generation Potential 
Physical and chemical composition, and the 
stratification of waste materials are essential characteristics 
required to assess their environmental implications. 
However, the potential for mobilization of contaminants may also 
depend on the potential for generation of acid. If the waste 
materials contain sulfur or sulfides, microbial oxidation will 
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generate sulfuric acid which will increase the mobility 
of met a1 s and r ad i onuc 1 i d es . 
Acid generation tests determine the potential o f  a 
mineral material ( soil, rocks, tailings etc. ) to produce 
acid. The tests are performed under optimal conditions in the 
laboratory. On the actual waste site, however, oxygen 
saturation and temperature may not be optimal for the 
bacteria. In Port Radium the temperatures for most of the year 
would be far below those at which microbial acid generation 
could occur. As well, oxygen needed by the bacteria will be 
limited or absent in the deeper waters. However, in 
shallow parts of the lake acid generation could occur in the 
summer months, resulting in slow environmental degradation. 
The results o f  the acid generation tests performed by 
BC Research on 4 samples are given in Tables 4a and 4b. 
TABLE 4A: INITIAL ACID PRODUCTION TEST 
Sample Sample m Theoretical Natural p H  Acid Poten- 
Code Descrip- Sulfuric log Sample Consumption tial 
tion Acid kg/ +10 ml kg Sulfuric Acid 
tonne Water Acid/tonne Producer ....................................................................... 
6S3 Murphy Bay 
Sediment 0.80 24.5 9.31 16.7 Yes 
gTll West Adit 
Surface 
Coarse 1.76 53.9 5.38 10.1 Yes 
lS5 Garbage 
Lake 1.06 32.4 8.82 167.8 no 
5S4 LaBine Bay 
Sediment 1.07 32.7 8.01 87.3 no 
8T5 Silver 
Point 
Tailings 0.92 28.2 8.64 109.8 no 
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TABLE 4B: CONFIRMATION TEST FOR ACID PRODUCTION POTENTIAL 
_ _ _ _ _ ~ ~ ~  
Sample pH before pH after pH after Confirmed 
code addition of addition of addition of acid 
extra 0.5 x ori- 1 x ori- producer 
sample ginal weight ginal weight 
6S3 2.05 
9Tll 1.78 
3.04 3.48 yes-weak 
2.28 2 -75  yes-weak 
Materials from Garbage Lake, Silver Point Tailings area 
and outer LaBine Bay clearly consumed more acid than could 
be produced and, therefore, have no potential to produce acid. 
In the field, the tailings slurries from these locations had 
pH values ranging from 8.0 to 8.8 (Appendix B). These field 
measurements supported the results of the acid generation tests. 
If the material consumes less acid than it produces, 
it could be a potential acid generator. If the initial 
titration test indicates that insufficient neutralizing or 
acid consuming capacity exists, microbial activity by 
Thiobaci llus ferrooxidans could produce acid. A second test is 
ormea, where tne sample is inocculated with the bacteria. 
The pH of the material after several 24 h periods determines 
the endpoint of the test, ie., the acid generation potential. 
West Adit and Murphy Bay samples were weakly acid generating 
(Table 4b). 
The findings correspond with the acidic pH determined 
in thefield in and the laboratory for West Adit material, 
but in the Murphy Bay sediment, the pH was alkaline (8.8) in 
the field and remained so after 24 h at room temperature 
(Appendix B, Section 3.2). In fact, the alkaline pH of Murphy 
Bay tailings indicated that, although an acid generation 
potential existed, the sediments were either not infected with 
Thiobacillus ferroxidans or the conditions were unfavorable 
for the badteria (too cold and low in oxygen) to produce acid. 
In the waterlogged area of Silver Point, tailings water 
was extracted from the tailings by pressure. The concentrations 
of radionuclides in filtered and unfiltered samples of this 
water gave some indication of the concentrations of soluble 
constituents in the tailings. The acidified unfiltered sample 
indicated the concentrations which could solubilize, should 
the tailings become acidic. As expected, Ra-226 was higher in 
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the acidified unfiltered sample than in the filtered, with 81 
versus 1 1  pCi/l, respectively. The same trend f o r  Pb-210 was 
observed, with the unfiltered water containing 51 pCi/l and the 
filtered 4 pCi/l. 
3 . 1 . 4  Vegetation on the Waste Material 
Vegetation established on waste material is a 
potential source of contamination to herbivorous animals, 
should radionuclides be transported into the vegetation. 
Therefore, one of the environmental aspects which was 
investigated was the plant invasion of the waste sites. 
The plants collected on waste areas represented 
those species which were most frequently encountered. These 
species were considered to be the major components of 
the plant communities which were in close association with the 
wastes. In Appendix C, detailed listings of the plants are 
given. 
The most diverse community of vegetation was found 
along Murphy Creek where 1 5  species from eleven families 
were recorded. Only ten species from 6 families were growing 
on the West Adit waste site. On waste rock near the mill 
building and on sections of Radium Lake, some species from the 
Mustard and Pea family were frequent, represented by Rock Cress 
and Oxytropis. However, the vegetation cover was never 
extensive. Although percentage vegetation cover was not 
systematically evaluated, it is generally below 50 $ , with the 
exception of areas where terrestrial moss provided 100 $ cover. 
The waste rock areas close to Shaft #1 were free 
of vegetation. In order to make a prediction of the time 
required for this material to become colonized, an old waste 
rock pile was visited on the northern slope of Cross Fault 
Lake (Map 1 ). On this small waste rock pile, at least 40 
years old, lichens, mosses and the occasional hummock of 
Kentucky bluegrass (Poa pratenses) were noted. One 25 cm tall 
Paper Birch (Betulapap rifera) was 25 years old, suggesting 
extremely slow. 
that if c o l o Z K o n  +o was e rock occurs at all, it will be 
The brief vegetation survey can be summarized with 
respect to the waste material. Waste rock will not be 
colonized extensively, while tailings areas will either remain 
free of vegetation or eventually become covered with moss and 
horsetails (Equisetum sp >. Since these plants are not major 
components of wildlifdiet, they are likely not a source of 
contamination in the terrestrial pathway, even if they should 
accumulate radionuc 1 ides. 
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3.2. Waste Water 
3.2.1 Garbage Lake System and West Adit Melt Water 
A thermocline was observed in a Garbage Lake 
temperature profile measured in August 1982 (1 W7,l W1,l W4 in 
Fig. 4). In a small, shallow lake this is unusual, since 
wind action alone should mix the entire water column. The 
stratified condition may have been maintained by a chemical 
gradient. 
Stratified temperature profiles were again observed in 
1983 (1W10 ,1W8 and 1Wg) in Garbage Lake at the same 
locations indicating that the thermocline appeared to 
be established shortly after snowmelt. Dissolved oxygen 
concentrations increased with depth, then decreased between 
the depths of 3 to 4 m as was the case 
in 1982 in profiles 1W1 and lW4. 
for all three stations, 
Oxygen levels at the sediment-water interface could 
have an effect on water quality. At the time of sampling, 
this interface was anoxic and the water just above the sediment 
had on average less then 3 pm ox gen, indicating oxygen 
depletion of the deeper water p Fig 49. 
During the survey in 1982, blooms of algae were found 
at the mouth of Bear Creek and on the Silver Point tailings 
beach (Appendix C, ~25). Biological activity in Garbage Lake 
was, therefore, a reasonable possibility and hence was 
determined in 1983. Furthermore, an evaluation of primary 
productivity comparing Garbage Lake to Great Bear Lake provided 
an indication of the potential effects on the rate of primary 
productivity in Bear Bay. 
The productivity in Garbage Lake was about 40 times 
higher than in Great Bear Lake (Appendix C pg. 6). Nutrients 
in effluent from the waste sites may have increased the 
primary productivity in ultra-oligotrophic Great Bear Lake. 
In order to quantify differences in the 
chemical composition of surface versus bottom water in 
Garbage Lake, two sets of samples were collected in 1983. In 
Table 5, the elemental compositions of samples for two 
stations (1W8 and lWl0 map 2 ) are listed. At site 10, the 
concentrations of As, Fe, Ni and Co in filtered and unfiltered 
water were higher at the bottom of the lake than on the 
surface. At station 8, the reverse was the case. The absolute 
differences were only large for iron in sample 10 (unfiltered 
bottom, 3.4 mg/l, unfiltered top, 0.04 mg/l). The 
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concentrations for all other elements were in the same range. 
Clearly, the number of samples available for evaluation of 
differences between bottom and surface water were insufficient 
but some differences were indicated for site 10. 
The water quality of the Garbage Lake system is 
given in Table 5. This system consists of the Lake itself and of 
Garbage Creek which joins Bear Creek before flowing into Bear 
Bay. 
In the summer of 1982, the volume of surface seepage 
flowing from Garbage Lake into Garbage Creek was small. 
Because the quantity and quality of seepage may be different 
during snowmelt, and because the freeze-thaw cycle could 
liberate significant fractions of tailings fines present in the 
creek bed, this site was re-sampled in 1983. The seepage water 
quality and flow rate appeared the same as in the previous 
summer. In order to assess whether this small volume of 
Contaminants or newly released fines was having an effect 
on the water quality of the lower Garbage Lake system, water 
was sampled above and below the junction of Garbage Creek 
with Bear Creek, as well as in Bear Bay. The analyses of 
filtered and unfiltered water samples from below the junction 
indicated that the minor amount of seepage was diluted with 
Bear Creek water. No decrease in Bear Creek water quality after 
mixing with Garbage Creek effluents was observed (Table 5). 
In order to compare the melt water quality from the 
West Adit area with that of Garbage Lake water, the 
concentrations are also reported in Table 5. It is quite 
evident that Ra-226, Pb-210, A s ,  Cu, Zn, and Co were 
present in much higher concentrations in West Adit water 
than at any location in the Garbage Lake system. The high 
concentrations of these elements in the waste solids and the 
acidity of some of the waste materials contributed to the 
contamination of the water. Fortunately, only small quantities 
of the water were discharged the West Adit tailings area 
during spring melt, while during the remainder of the year 
the West Adit tailings area likely contains the contaminated 
water. 
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L o c a t i o n  Sample  1982-3 PB210 ItA 2% U PS CD cu FE PB N I  ZN CD 
Garbage 
Lake  
B e a r  
Bay 
B e a r  
C r e e k  
We s t 
A d i t  
Garbage 
C r e e k  
----_- pCi/l----- 
S u r f a c e  F i l t e r  82 * 
F i l t e r  82  * 
S u r f a c e  F i l t e r  82  * 
F i l t e r  82  
S u r f a c e  F i l t e r  82  
F i l t e r  82  * 
S u r f a c e  F i l t e r  82  * 
Fi l te r  8 3  * 
S u r f a c e  
S u r f a c e  
F i l t e r  8 3  * 
Surface 
U n f i l t e r  8 3  * 
Surface F i l t e r  8 3  * 
U n f i l t e r  8 3  * 
B o t t o m  F i l t e r  8 3  * 
U n f i l t e r  8 3  1 . 4 0 0 0  
Bot tom F i l t e r  8 3  * 
U n f i l t e r  8 3  * 
Surcace F i l t e r  82  * 
F i l t e r  82 * 
S u r f a c e  F i l t e r  8 3  * 
U n f i l t e r  8 3  2 .7000 
S u ~ ~ ~ s e  F i l t r  8 3  * 
i J i : ~ , , t e r  8 3  * 
S u r f a c e  F i l t e r  82  * 
F i l t e r  82 
S u r f a c e  F i l t e r  8 3  * 
S u r f a c e  F i l t e r  8 3  * 
S u r f a c e  F i l t e r  8 3  * 
S u r f a c e  F i l t e r  8 3  * 
U n f i l t e r  8 3  1 .1000  
U n f i l t e r  8 3  6 .8000 
U n f i l t e r  8 3  51.4000 
' i n f i l t e r  8 3  81 .1000  
U n f - i t e r  8 3  1 .1000  
* 
* 
* 
* 
* 
* 
* 
1 .9000  
* .  
* 
* 
1 . 9 0 0 0  
* 
* 
* 
* 
0 .30000  * 
* 
* 
* 
* 
* 
* 
10 .80000  
0.3000 
3 .0000  
* 
* 
0.1289 
0 .1960 
0 .5440 
0 .2790 
0 .1500  
0 .3550 
* 
* 
0.0610 
* 
* 
* 
* 
* 
0 .0920  * 
* 
* 
0.1730 
0 .0008  
* 
* 
0.2640 * 
* 
0 .0037  
0.3510 
0.0014 
0 .0065 
* 
* 
* 
7 .3500  
0 .0500 
0 .0400  
0 .0600 
0 . 0 5 0 0  
0.0500 
0 .0600  
0 . 0 5 0 0  
0.n82O 
0 .0790  
0 .0680  
0 .0580  
0 .1050  
0 .0082  
0 .  ,1082 
0.1900 
0 .2970  
0 .0200  
0 .0032 
0 .0037  
* 
* 
* 
0 .0800  
0 .0029  
0 .0034 
7 .0000  
7 .7000 
0 .0018 
0 .0025  
0 .0110  
0 .0180  
* 
* 
* 
* 
* 
* 
* 
* 
0.0002 
* 
* 
* 
* 
* 
0 . 0 0 0 1  * 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
0 .0013  
0.0026 
0.r)OOl 
0 . 0 0 0 1  * 
* 
* 
* 
* 
0.0022 
0 .0022 
0 . 0 0 2 1  
0 .0020  
0 .0023 
0 .0012 
0 .0012 
0 .0023  
0 .0157 
* 
* 
* 
0 .0030  
0 .0030  * 
* 
* 
* 
0 .0015  
0 .0700  
0 .0770  
* 
* 
* 
0.0022 
0 .0060  
* 
0 . 0 2 0 0  
0 .0100  * 
* 
* 
0 .0200  
0.0200 
0 . 0 7 2 0  
0 .1100  
0 .0540  
0 .0890  
0 .0560  
0 .0400  
0 .0490  
1 . 1 0 0 0  
3 .4330  
0 .0100  
0 .0240  
0 .0240 
0 .0480  
0 .0860  
0 .0200 
* 
* 
* 
0 .0350  
0 .1070  
0 .0530  
0 .0530  
0 . 0 7 9 0  
0 .4760  
* 
* 
* 
* 
0.0800 * 
* 
* 
* 
0.0002 
* 
* 
* 
* 
0.0002 
0 .0120  
0 .0043  
0 .0600  
* 
* 
* 
0 .0004  
0 .0004 * 
* 
* 
* 
* 
* 
* 
* 
* 
0 .0015  
0 .0600  
0 .0700 
0.0600 
0 .0700  
0.0600 
0 .0800  
0.0351) 
0 .0370 
9 .0390  
0 .0034 
0 .0380  
0 .0034 
0 . 0 0 5 1  
0 .0280  
0 .0650  
0 .0750  
n .o500 
* 
* 
* 
* 
* 
0 .0200  * 
* 
0 .0012  
0 .0490  
0 .1000  * 
* 
0.0072 
0 .0360  
* 
* 
* 
0 .100  
0 .0100  
0.0100 
0.0100 
0 .0140  
0 .0110 
0 .0140  
0 .0180  
0 .0260  
0 .270  
0 .0220  
0 .0330  
0 .0100  
0 .0460  
0 .0380  
0 .0380  
0.0100 
0 .0180  
0.0190 
0 .2400 
0 .2400  
* 
* 
* 
* 
* 
* 
0 .0110  
0 .0160  
* 
* 
* 
* 
* 
* 
* 
0.0019 
0 .0020  
0 .0020 
0.0020 
0.0030 
0 .0023 
0 .0019 
0 .0018  
0 .0120 
0 .0320  * 
* 
0.0013 
0 .0012 * 
* 
* 
* 
0.0020 
0 .0020 
0 .7300 
0 .7400  
0 .0042 
0 .0042 1  
0 .0068 
* A n a l y s i s  n o t  d o n e  
TABLE 5 :  RADIONUCLIDE AND METAL CONCENTRATIONS IN WASTE WATERS 
3.3. Water Quality Monitoring Data from the Shoreline of the 
Peninsula 
3.3.1 Historical Monitoring Data 
Data collected to monitor the Echo Bay Mine during 
operation have been summarized in detail in Appendix C 
(pg. 12 - 15). Information was available for LaBine Bay close 
to station 5W6, for Cobalt Channel between stations 2W6 and 
2W3 (Nap 2 ), and f o r  the Garbage Lake system. These data, 
dating back to 1969 for some locations, are used to determine: 
(a) whether the quality of water in Garbage Lake has changed 
since minewater was first disposed there; and 
(b) whether the water quality of Cobalt Channel and Labine 
Bay, measured during the mine operation, has remained the 
Same since the closure o f  the operation. 
Analyses of Garbage Lake water were available f o r  1974 
when treated effluent had not yet been discharged. 
The characteristics were similar to water collected in 1983 
and 1984, despite the fact that contaminants such as As, Cd, 
Cu, Fe, Pb, Ni, Zn and Ra-226 were added to the Lake with 
minewater and tailings from 1974 to 1982. Nevertheless, 
despite disposal of these contaminants, water in Garbage Lake 
in 1983 was very similar to pre-disposal conditions. 
The monitoring records f o r  stations in Cobalt Channel 
and LaBine Bay exhibited large variations in concentrations of  
many parameters, thus comparisons with data from 1983 and 
1984 are inconclusive. Metal concentrations in samples 
collected from the same site were sometimes elevated and at 
other times not. Similarly, some samples collected during the 
present study contained elevated concentrations, The higher 
values were rare and localized to areas immediately exposed to 
waste rock and the tailings beach. 
In general, the variability in elemental concentration 
was large and concentrations were frequently reported at o r  
below the detection limit o f  the analytical method used. 
Nevertheless, when comparing the records of water 
quality before and after shutdown of the mine, no trends of 
either increasing o r  decreasing metal o r  radionuclide 
concentrations were noted in Cobalt Channel and Labine Bay. 
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3.3.2 Water Quality along the Shoreline 
During the 1982 survey, higher concentrations of A s ,  Pb 
and U were reported isolated instances (see dot maps 
in Appendix C, pg. 16 to 24). As these concentrations were 
not related to continuous discharges of wastewater as 
discussed previously, they may have been due to suspended 
particulates. During run off, particulates in the meltwater 
could be introduced from tailings areas o r  waste rock. This 
uestion was addressed in 1983 shortly after spring runoff. 
jiltered and unfiltered water quality data are compared for 
shoreline and all other locations in Tables 6a-c. 
in some 
Iron concentrations in unfiltered water were 
consistently slightly higher than in the filtered water 
suggesting some contribution from particulate matter (Table 7). 
The differences in the concentrations of As 
between filtered and unfiltered samples (Table 6a) were 
variable, an occurrence typical of arsenic throughout the 
monitoring records and in earlier work. The filtered and 
unfiltered water of Great Bear Lake contained Cu, Co, Ni, and Zn 
in the same concentration ranges (Tables 6 a and b). From 
these comparisons, the existence of an annual input of 
particulates from the waste material on the Port Radium 
peninsula to the water of Great Bear Lake was not evident. 
Sampling stations on waste rock shores in Labine Bay 
and on Silver Point tailings indicated higher 
concentrations of dissolved As, Cu ,Pb , Ni, U and Co. 
Cobalt, a metal which is rich in the Port Radium ore, was found 
in higher concentrations in water along the waste rock on the 
shore, around the rock causeway, on Silver Point tailings 
beach and in Garbage Lake than in the open water surrounding 
the peninsula (see dot maps in Appendix C pg 4). Cobalt was 
the the only element in which this trend of increased 
concentrations along waste rock o r  tailings was pronounced 
and consistent. 
These results suggest that the occasional high 
elemental concentrations discussed earlier were likely a 
result of weathering of the waste rock along the shores. This 
would also apply to the uranium concentrations. However, for 
this element, in addition to weathering of waste rock, natural 
outcrops likely produce elevated concentrations along the shore, 
as for example in West Bear Bay, located along vein #2. See 
Appendix C for a detailed map of concentration ranges along 
the shoreline for both years. 
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L o c a t i o n  Sample MEAN STD DEV N MEAN N MEAN STD DEV N STD DEV 
Great 
B e a r  Lake 
KO 3 
KO4 
Garbage 
Lake 
C o b a l t  
Channe l  
B e a r  
Bay 
B e a r  
C r e e k  
L a b i n e  
Bay 
Murphy 
Bay 
S i lve r  **  
P o i n t  
West 
Adit 
Garbage 
C r e e k  
S u r f a c e  F i l t e r  
S u r f a c e  F i l t e r  
Surface F i l t e r  
B o t t o m  F i l t e r  
S u r f a c e  F i l t e r  
Bot tom F i l t e r  
Unf i l t e r  
Unf i l t e r  
U n f i l t e r  
U n f i l t e r  
U n f i l t e r  
* 
* 
0.0260 
0.0562 
0.0146 
0.0350 
0.0515 
0.0300 * 
* 
S u r f a c e  F i l t e r  * 
U n f i l t e r  * 
S u r f a c e  F i l t e r  * 
U n f i l t e r  * 
S u r f a c e  F i l t e r  0.0107 
U n f i l t e r  0.0046 
S u r f a c e  F i l t e r  * 
S u r f a c e  F i l t e r  0 .2100 
U n f i l t e r  0 .2500 
Surface F i l t e r  0 .0490 
Unf i l t e r  0.1000 
S u r f a c e  F i l t e r  0 .0072 
U n f i l t e r  0.0360 
* 
* 
* 
0.0153 
0.0194 
0.0424 
0.0332 * 
* 
* 
* 
* 
* 
0.0116 
0.0033 * 
* 
* 
* 
* 
* 
* 
0.0000 
0.0000 
0.0000 
1.0000 
10.0000 
3.0000 
2.0000 
2.0000 
1 .0000  
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
4.0000 
3.0000 
0.0000 
1.0000 
1 .0000  
1.0000 
1.0000 
1.0000 
1.0000 
* 
* 
* 
* 
0.0022 
0.0022 
0 .0023  
0.0157 
0.0190 
0.0350 
0.0030 
0.0030 * 
* 
0.0038 * 
* 
0.2100 
0.1900 
0.07OO 
0.0770 
0.0922 
0.0060 
* 0.0000 
* 0.0000 
* 0.0000 
* 0.0000 
0 .0001  3.0000 
* 1 , 0 0 0 0  
* 1 , 0 0 0 0  
* 1.0000 
* 1.0000 
* 1.0000 
* 0.0000 
1.0000 
1 .0000  
0.0000 
1 .0000  
0.0000 
0.0000 
0. oono 
* 1 .0000  
* 1 .0000  
* 1 .0000  
* 1 .0000  
* 1.0000 
* 1.0000 
* 
0.0023 
0.0043 
0.0547 
0.0850 
0 . 0 9 9 1  
0.1526 
0.0630 
0 ,0076  * 
0.0116 
0.0037 
0.0414 
0.0034 
0.0560 
0.0106 
4.2000 
4.3000 
7.0000 
3.8512 
0.0110 
0.0180 
* 
* 
* 
* 
0.0105 
0.0187 
0.1286 
0.2042 
0.0805 
0.0119 
0.0545 
0.0932 
0.0164 
* 
* 
* 
* 
* 
5.4430 * 
0.0000 
0.0000 
1.0000 
1 .0000  
10.0000 
3.0000 
2.0000 
2.0000 
2.0000 
1.0000 
0.0000 
2.0000 
1.0000 
2.0000 
1 .0000  
8.0000 
5.0000 
0.0000 
1 .0000  
1.0000 
1.0000 
2.0000 
1 .0000  
1.0000 
* A n a l y s i s  n o t  done ** P o r e  wa te r  
TABLE 6a: NICKEL, COPPER AND ARSENIC CONCENTRATIONS IN WATER COLLECTED IN 1982 AND 198: 
. - -  Jzii--- .-l ZN CD 
N MEAN STD DEV N Location Sample mq/l MEAN STD DEV N MEAN STI) DEV 
Great Bear --------------_____________ mg/l------------------------------------------------------ 
Lake 
KO3 Surf ace Filter * * * * 
* * 
0.0000 0.0320 1.0000 * 0.0000 
Surf ace Unfilter * 0.0000 0.0330 1.0000 * 0.0000 
KO4 Surf ace Filter * * 0.0000 0.0320 0.0000 1.0000 
Surf ace Unfilter * * 0.0000 0.0330 * 1.0000 * * 0.0000 
Garbage 
Lake . Surface 
Surf ace 
Bottom 
Surf ace 
Bottom 
Surf ace 
Surf ace 
Filter 
Unf i 1 t er 
Filter 
Unf il ter 
Filter 
Unf i 1 ter 
Filter 
Filter 
Unf ilter 
Filter 
Un f i 1 t'e r 
Filter 
Unf ilter 
Filter 
0.0002 * * * 1.0000 9 . 0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0120 
0.0145 
0.0240 
0.0300 
0.0360 
0.0370 
0.0300 
0.0313 
0.0380 
0.0140 
0.0190 
0.0316 
0.0284 * 
0.0023 
0.0049 
0.0028 
0.0042 * 
* 
* 
4.0000 
2.0000 
2.0000 
2.0000 
1.0000 
1.0000 
1.0000 
3.0000 
1.0000 
2.0000 
1.0000 
7.0000 
7.0000 
0.0000 
0.0030 
0.0023 
0.0120 
0.0320 
* 
* 
* 1.0000 1.0000 
1.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
8.0000 
3.0000 
0.0000 
1.0900 
1.0000 
2.0000 
2.0000 
0.9000 
1.0000 
Cobalt 
Channel 
Bear 
Bear 
Creek 
Bay 
* 
* 
* 
* 
0.0189 
0.0057 
* 
* 
* 
* * 
* 
* 
* 
* 
* * * 
Surf ace 
Surf ace 
Surf ace 
Surface 
Surf ace 
* 
* 
* 
* 
* 
0.0087 
0.9078 * 
0.0108 
0.0058 * 
0.0070 
0.0053 * 
1,abine 
Bay Yurphv 
Bay 
Silver ** 
Point 
West 
Adit 
Garbage 
Creek 
w 
w 
Filter 
Unfilter 
Filter 
Unf ilter 
Filter 
Unf i lter 
0.0016 
0.0012 
0.0007 
0.0026 * 
* 
* 
0.0008 * 
* 
1.0000 
1.0000 
2.0000 
1.0000 
0.0000 
0.0000 
2 4000 
1.4000 
0.2400 
0.2400 
0.0110 
0.0160 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
7.2000 
6.2000 
0.3671 
0.3721 
0.0068 
* 
* 
* 
0.5132 
0.5203 
* 
* Analysis not done 
note; Concentrations are only reported if twice the detection limit 
** Pore water 
TABLE 6b: CADMIUM, ZINC AND COBALT CONCENTRATIONS IN WATER COLLECTED IN 1 9 8 2  AND 1 9 8 3  
Location Sample 
Great Bear 
La. 
KO3 
It04 
Garbage 
La. 
w p b a r  Bay 
Bear 
Creek 
Labine 
Bay 
Murphy 
Bay 
Silver 
hint 
b a t  
Audit 
Garbage 
Creek 
Surface Filter 
Surface Filter 
Surf ace Filter 
Bottom Filter 
Surf ace Filter 
Bottom Filter 
Unfilter 
Unf i 1 ter 
Unf il ter 
Unfilter 
Unf il ter 
* 
0.3000 
1.9000 
1. So00 
0.3000 * 
* 
* 
0.0000 * 
0.0000 6.8000 
0.0000 
1.0000 9.5000 
0.0000 * 
1.0000 
0.0000 
1.0000 * 
0.0000 * 
2.0000 3.0000 
0.0000 * 
* 
* 
* 
* 
* 
* 
0.0000 
1.0000 
0.0000 
1.0000 
0.0000 
0.0000 
0.0000 
0 * 0000 
0 * 0000 
1.0000 
0 * 0000 
* 
0.0120 
0.0043 
0.0022 
0.0005 
* 
0.0026 
0.0000 
0.0000 
0. 0000 
0.0000 
0.0000 
1.0000 
1 .oooo 
2.0000 
1 .OQOO 
0.0000 
i 
0.0013 
0.0015, 
0.3927 0.1365 
0.0610 
0.0920 
0.3399 0.0643 
0.0041 L 
* L 
L 
L 
L * 
0.00 
1.00 
0.00 
1.00 
3.00 
1.00 
0.00 
1.00 
2.00 
1.00 
0.00 
Surf ace Filter * 0.0000 0.0000 0.0004 * 1.0000 * * 0.00 
Unfilter 0.3000 1.0000 2.7000 * 1.0000 0.0004 1 .OD00 * * 0.00 
Surf ace Filter * 0.0000 * * 0.0000 * 0.0000 0.2640 * 1.00 
Unfilter * 0.0000 6.8000 1.0000 * 0.0000 0.0037 L 1.00 
surrace Filter 0.0000 0.0000 0.0016 1.0000 0.2410 0.0360 3.00 
0.0055 6.00 Unfilter 0.7833 1.0889 6.0000 7.5000 4.6357 3.0000 0.0003 0.0001 2.0000 0.0052 
* * 0.0000 0.0000 n.on Surf ace Filter 0.0000 * 
* * 
L 
* L * * L * 
* * 
* * 
Surface Filter 13.8000 * 1.3000 3.8000 1.0009 0.0015 * 1.3300 4.2000 1.00 
Uniilter 81.1000 1.0000 51.4003 0.0018 1.0000 5. BOO0 1.00 
Surface filter 0.0090 * 0.0000 0.00 
Surface Filter * 3.3005 * 0.0000 9.0000 0.00 
Unfilter 3.0000 1.0000 0.0003 0.0015 * 1.0000 0.0065 1.00 
* * Unfilter 5.5500 7.4346 2.0000 29.7500 30.8177 8.0000 0.0300 0.1762 0.2472 2.00 
__ - 
Analyeis not done 
Eote: Concentrations are only reported if twice the detection limit 
** Pore water 
TABLE 6c: RADIUM 226, LEAD 210, LEAD AND URANIUM CONCENTRATIONS IN WATER COLLECTED 
IN 1982 AND 1983 
TABLE 7: IRON CONCENTRATIONS IN FILTERED AND 
UNFILTERED SHORELINE WATER IN 1983 
Location Sample Filtered Unfiltered 
code mg/l mg/l 
Bear Bay 3w3 24 
3W2 48 
Cobalt 
Channel 2W7 61 
Outer 
Labine 
Bay 
Inner 
Labine 
Bay 
West 
Adit 
5Wl4 
5Wl3 
5Wll 
5Wl2 
5w9 
5WlO 
5W8 
9w 1 
9W2 
29 
60 
64 
32 
45 
33 
145 
35 
53 
24 
86 
64 
42 
71 
66 
40 
56 
46 
70 
107 
53 
Another feature related to the wastes and their 
discharges was the periphytic algal growth on Bear Bay. 
Extensive algal mats were observed in 1982 and 1983, 
although the amount of surface seepage from Garbage Lake was 
very small. Dilution from Bear Creek and Bear Bay water had 
left indetectable changes in the water quality of Bear Bay. The 
bloom of periphytic algae was the only evidence of discharge, 
as no other area investigated on the shoreline along the 
eninsula exhibited a similar periphytic community (see 
fppendix C for locations). 
The algal mat extended over the entire shoreline ofthe 
Bay and may act as an absorbent of metals and radionuclides. 
Along the Cobalt Channel beach only small patches of algae 
were noted and remnants of the colonies were found on the 
bottom of the channel. 
Together with the higher primary productivity in 
Garbage Lake, the periphytic algal mat appeared to be the only 
other evidence of effects on the aquatic pathway. The algal mat 
on the beach contained 11.5 pCi/g (dry) of Ra-226 and 23.3 pCi/g 
(dry) of Pb-210. Based on these concentrations, a maximum 
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dose of 3 rad/h from Ra-226 and 8 rad/h from Pb-210 can be 
derived. These dosages are about 1000 times below those at 
which radiological effects on aquatic life have been reported 
(P.c., D. Lush). 
3 . 4 .  Water Quality in the Vicinity of the Peninsula 
Ice was still floating around the peninsula at the time 
of sampling in 1983. Temperature, dissolved oxygen and pH 
rofiles were measured and are summarized in detail in Appendix 6 , for the areas around Cobalt Channel, Cobalt Island, 
outer LaBine Bay and locations to the north of the Port 
Radium peninsula. These locations had no thermocline, but the 
water in inner LaBine Bay was stratified 1 meter below the 
surface. 
A total of 70 water samples from Great Bear Lake 
were analyzed for metals and other elements in 1982 and 1983 
and 19 samples were analyzed for radionuclides. The results 
have been previously discussed in relation to the waste 
waters and concentrations along the shoreline (Table 6a - 
c) It is evident that, compared to concentrations of heavy 
metals in the water in the vicinity of the peninsula, the 
water in direct association with some waste sites had elevated 
concent rat ions of some elements. 
To ascertain the environmental implications of these 
concentrations, they were compared to water quality objectives. 
Environment Canada has produced guidelines for the protection 
of aquatic life and drinking water. These guidelines, 
published in 1979, have been used in the following evaluation of 
the concentrations of Pb, U, Ni, Cu, As, Cd and Zn in samples of 
wastewater and Great Bear Lake water in the vicinty of Port 
Radium. 
The first striking observation is the frequent 
occurrence of concentrations below the detection limits of 
the analytical methods. The percentage of water samples from 
the entire collection of both years for which the 
concentrations were above the detection limit, ie. at least 
two times above the detection limit, are given in Table 8. 
Since less than 508 of the concentrations of most 
ofthe metals were undetectable, metal concentrations at or 
below the detection limits were considered as real values by 
setting each value at 0.5 o f  the detection limit. 
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TABLE 8 : PERCENTAGE OF WATER SAMPLES WITH VALUES 
ABOVE THE DETECTION LIMIT 
Element Ra-  Pb- Pb U Cd Zn Co N i  Cu A s  
$ 89 63 18 38 8 63 31 45 23 ' 6 8  
226 210 
The g u i d e l i n e  c o n c e n t r a t i o n  f o r  e a c h  e l e m e n t  w a s  
s u b t r a c t e d  from t h e  v a l u e  obta ined.  Hence, i f  t h e  concen t r a t i on  
W a s  a b o v e  t h e  water q u a l i t y  g u i d e l i n e ,  a p o s i t i v e  v a l u e  w a s  
produced, wh i l e  a n e g a t i v e  v a l u e  r e s u l t e d  when a c o n c e n t r a t i o n  
was below t h e  g u i d e l i n e  (Tables 9a-c). 
Ra-226 v a l u e s  were compared wi th  t h e  federa l  g u i d e l i n e  
f o r  t a i l i n g s  e f f l u e n t  discharges o f  10 p C i / l .  I n  t h e  absence of 
g u i d e l i n e  f o r  Pb-210, t h e  average  c o n c e n t r a t i o n  of two samples  
of Great  Bear Lake water (8.1 p C i / l )  w a s  used. 
The Ra-226 c o n c e n t r a t i o n s  ( T a b l e  9a ), w i t h  t h e  
e x c e p t i o n  o f  t h e  p o r e w a t e r  f rom t h e  S i l v e r  P o i n t  T a i l i n g s ,  
were a l l  below t h e  f e d e r a l  g u i d e l i n e  o f  10 p C i / l  and were below 
t h e  more s t r i n g e n t g u i d e l i n e  o f  3.0 p C i / l  o f  t h e  P r o v i n c e  o f  
O n t a r i o  ( T a b l e  6 c ) .  The f i l t e r e d  p o r e  w a t e r  was o n l y  0.8 p C i / l  
above t h e  f e d e r a l  g u i d e l i n e .  
For Pb-210, n e g a t i v e  v a l u e s  g e n e r a l l y  r e s u l t e d  from 
t h e  c a l c u l a t i o n s ,  a l t hough  t h e  c o n c e n t r a t i o n s  of u n f i l t e r e d  
porewater  from S i l v e r  Po in t  t a i l i n g s  and t h e  seepage from t h e  
West A d i t  t a i l i n g s  area were p o s i t i v e  w i t h  r e s p e c t  t o  t h e  
aquatic:  l i f e  g u i d e l i n e s .  
The s a m p l e  s i z e  f o r  t h e  metal c o n c e n t r a t i o n s  was 
much larger t h a n  f o r  r a d i o n u c l i d e s ,  w i t h  a t o t a l  of  70 samples. 
Only one sample from t h e  bottom of Coba l t  Channel con ta ined  
Pb ( +0.08 m g / l )  a b o v e  t h e  recommended g u i d e l i n e  o f  0.005 m g / l  
( T a b l e  9b and g c ) .  The a v e r a g e  l e a d  c o n c e n t r a t i o n  o f  1 0  
f i l t e r e d  s u r f a c e  samples i n  Garbage Lake w a s  0.02 mg/l above 
t h e  s t a n d a r d .  However, t h e  v a r i a b i l i t y  i n  t h e s e  v a l u e s  w a s  
l a rge .  F o r  t h e  r e m a i n i n g  meta ls  ( A s ,  Cd, Zn, U ,  N i  and Cu), 
t h e  c a l c u l a t e d  v a l u e s  were p r e d o m i n a n t l y  n e g a t i v e  i n  a l l  
l o c a t i o n s  o t h e r  t han  Garbage Lake, West A d i t  and t h e  porewater  
e x t r a c t e d  from t h e  S i l v e r  Point  t a i l i n g s .  
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w 
CD 
Element and Aquatic 
Life Standard 
(Env. Can.,1979) 
Radium 226 10 pCi/l Lead 210 8.15 pCi/l Lead .005 mg/l 
Location Sample MEAN STDV N MEAN STD DEV N MEAN 1. V N 
Great 
Bear Lake 
KO3 
KO4 
Garbage 
Lake 
Cobalt 
Channe 1 
Bear 
Bay 
Bear 
Creek 
Labine 
Bay 
Murphy 
Bay 
Silver 
Point 
West 
Adit 
Garbage 
Creek 
Surf ace 
Surface 
Surf ace 
Bottom 
Surface 
Bottom 
Surf ace 
Surface 
Surface 
Surface 
Surf ace 
Surface 
Surface 
Filter 
Unf ilter 
Filter 
Unf ilter 
Filter 
Unf ilter 
Fi 1 ter 
Unf ilter 
Filter 
Unf ilter 
Filter 
Filter 
Unfilter 
Filter 
Unf ilter 
Filter 
Unf ilter 
Filter 
Filter 
Unfilter 
Filter 
Unf ilter 
Filter 
Unf ilter 
* 
-9.95 
-9.70 
-8.10 
-8.10 
-9.70 
* 
* 
* 
-9.70 
-9.95 
-9.22 
* 
0.80 
71.10 
-4.45 
-7.00 
* 
* 
* 
* 
* 
* 
* 
0.00 
* 
* 
* 
1.09 * 
* 
* 
* 
7.42 * 
* 
0 
1 
0 
1 
0 
1 
0 
1 
0 
2 
0 
0 
1 
0 
1 
0 
0 
0 
1 
1 
0 
2 
0 
1 
* 
-1.35 
1.35 
-7.05 
-6.75 
-3.95 
* 
* 
* 
-5.45 
-1.35 
-2.37 
* 
* 
-4.35 
43.25 
58.10 
-7.05 
* 
* 
* 
* 
* 
1.70 * 
* 
* 
* 
* 
3.70 * 
* 
* 
21.00 * 
* 
0 
1 
0 
1 
0 
1 
0 
1 
0 
2 
0 
0 
1 
0 
1 
0 
6 
0 
1 
1 
0 
2 
0 
1 
- 0.00 
- 0.00 
- 0.00 
-0.00 
0 .00  
-0.00 
0.00 
-0.00 
0.01 
-0.00 
0.08 
0.01 
-0.00 
-0.00 
-0 * 00 
- 0.00 
-0.00 
- 0.00 
- 0.00 
-0.00 
- 0.00 
- 0 .00  
- 0.00 
- 0.00 
* 
* 
* 
* 
0.03 
0.00 
0.01 
0.00 
0.04 
0.00 * 
0.03 
0.00 
0.00 
0.00  
0.00 
* 
0.00 
0.00 
1 
1 
1 
1 
10 
3 
2 
2 
6 
2 
1 
4 
2 
3 
1 
13 
7 
1 
1 
1 
2 
2 
1 
1 
* A n a l y s i s  n o t  done  
**  N o  l e a d  210 o b j e c t i v e s  are a v a i l a b l e  from Environment Canada. I n s t e a d ,  background c o n c e n t r a t i o n  from Great Bear Lake used. 
TABLE 9a: CONCENTRATIONS OF RADIUM 2 2 6 ,  LEAD 210 AND LEAD ABOVE OR BELOW THE WATER 
QUALITY OBJECTIVES FOR PROTECTION OF AQUATIC LIFE 
w 
E l e m e n t  a n d  A q u a t i c  
L i f e  Standards 
(Env. Can., 1 9 7 9 )  
L o c a t i o n  
Great 
B e a r  Lake 
KO3 
KO4 
Garbage 
Lake 
C o b a l t  
C h a n n e l  
Bear 
Bay 
Bear 
C r e e k  
Labine 
Bay 
Murphy 
Bay 
Silver 
P o i n t  
West 
Bdit 
Garbage 
C r e e k  
Sample 
S u r f  ace 
S u r f a c e  
S u r f  ace 
Bot tom 
Surf ace 
Bot tom 
S u r f  ace 
S u r f a c e  
S u r f  ace 
Surf ace 
Surface 
Surf ace 
Surface 
F i l t e r  
Unf i l ter  
F i l t e r  
Unf i l ter  
F i l t e r  
Unf i l ter  
F i l t e r  
Unf i l ter  
F i l t e r  
Unf i l t e r  
F i l t e r  
F i l t e r  
Unf i l ter 
F i l t e r  
Unf i l ter  
F i l t e r  
U n f i l t e r  
F i l t e r  
F i l t e r  
U n f i l t e r  
F i l t e r  
Unf i l ter 
F i l t e r  
Unf il ter 
Uranium .30 mg/l N i c k e l  . 025  m g / l  Copper .002 mg/l 
STD m v  MEAN STD DEV N MEAN W V  N MEAN N 
* 
-0.30 
-0.30 
-0.06 
-0.24 
- 0.21 
- 0.30 
-0.30 
- 0 .21  
-0.30 
- 0.17 
-0.30 
-0.16 
-0.29 
-0.30 
3.90 
5.50  
-0.12 
-0.29 
-0.08 
* 
* 
0.18 
* 
* 
0.17 
0.00 * 
0.12 
0 .19  
0.12 
0 .01  
* 
* 
0.25 * 
* 
1 
1 
0 
1 
7 
1 
0 
1 
4 
2 
1 
2 
1 
2 
1 
6 
6 
1 
1 
1 
0 
2 
0 
1 
- 0.02 
- 0.02 
- 0.02 
0.00 
0.03 
- 0 .01  
0 . 0 1  
0.03 
- 0.02 
- 0.02 
- 0.02 
-0.02 
- 0.02 
- 0.0% 
-0.02 
- 0.02 
- 0.02 
-0.02 
0.18 
0.22 
-0.00 
0.03 
- 0.02 
0 . 0 1  
* 
* 
* 
0.02 
0.02 
0.04 
0.03 
0 . 0 1  
0.00 * 
0.00 
0.00 
0 . 0 1  
0.01 
0.00 
* 
* 
0.03 
0.07 
* 
1 
1 
1 
1 
1 0  
3 
2 
2 
6 
2 
1 
4 
2 
3 
1 
1 3  
7 
1 
1 
1 
2 
2 
1 
1 
- 0.00 
- 0.00 
- 0.00 
-0.00 
- 0.00 
- 0.00 
- 0.00 
0.01 
0.00 
0.02 
-0.00 
-0.00 
-0.00 
-0.00 
- 0.00 
-0.00 
-0.00 
-0.00 
0 . 2 1  
0.19 
0 .03  
0.04 
0.00 
0.00 
0.00 
0.00 
0 .00  
0.01 
0 . 0 1  
.0.02 
0 . 0 0  
0.00 
0 .00  
0 .00  
0 .00  * 
0.05 
0.05 
1 
1 
1 
1 
1 0  
3 
2 
2 
6 
2 
1 
4 
2 
3 
1 
1 3  
7 
1 
1 
1 
2 
2 
1 
1 
* Analys is  n o t  done 
TABLE 9b: CONCENTRATIONS OF URANIUM, NICKEL AND COPPER ABOVE OR BELOW THE WATER 
‘QUALITY OBJECTIVES FOR PROTECTION OF AQUATIC LIFE 
P 
0 
Element  and A q u a t i c  
S t a n d a r d  (Env. Can . ,  1979) A r s e n i c  .05 m g l l  Cadmium .0002 m g l l  Z i n c  .05 m g l l  
Loca t  i o n  Sample MEAN STD DEV N MEAN STD DEV N MEAN STD DEV N 
Great 
Bear Lake 
KO3 
KO4 
Garbage 
Lake 
C o b a l t  
Channel  
B e a r  Bay 
Bear 
Creek  
L a b i n e  
Bay 
Murphy 
S i l v e r  
P o i n t  
West 
A d i t  
Garbage  
Creek  
Bay 
S u r f  ace 
S u r f  ace 
S u r f  ace 
B o t t o m  
S u r f  ace 
B o t t o m  
S u r f  ace 
S u r f a c e  
S u r f a c e  
S u r f a c e  
S u r f  ace 
S u r f  ace 
S u r f a c e  
F i l t e r  
Un f il t er 
F i l t e r  
U n f i l t e r  
F i l t e r  
Un f i 1 t e r  
F i l t e r  
U n f i l t e r  
F i l t e r  
Unf i l t e r  
F i l t e r  
F i l t e r  
Unf i l t e r  
F i l t e r  
Unf i l te r  
F i l t e r  
Un f i 1 ter  
F i l t e r  
F i l t e r  
Unf il ter 
F i l t e r  
Unf i l  te r  
F i l t e r  
U n f i l t e r  
-0.05 
-0.05 
-0.05 
-0.05 
0.00 
0.03 
0.05 
0.10 
-0.03 
-0.05 
-0.05 
-0.04 
-0.05 
-0.02 
-0.05 
-0.02 
-0.04 
-0.05 
4.15 
4.25 
3.45 
3.80 
-0.04 
-0.03 
* 
* 
* 
* 
0.01 
0.02 
0.13 
0.20 
0.05 
0.01 
0.01 
0.00 
0.05 
0.08 
0.01 
* 
* 
* 
* 
* 
4.95 
5.44 * 
* 
1. 
1. 
1. 
1. 
10. 
3. 
2. 
2. 
6. 
2. 
1. 
4. 
2. 
3. 
1. 
13. 
7. 
1. 
1. 
1. 
3. 
2. 
1. 
1. 
-0.00 
-0.00 
-0.00 
-0.00 
-0.00 
-0.00 
-0.00 
-0.00 
-0.00 
-0.00 
-0.00 
-0.00 
-0.00 
-0.00 
-0.00 
-0.00 
* 
* 
0.00 
0.00 
0.00 
0.00 
-0.00 
-0.00 
* 
* 
* 
* 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.000 
* 
* 
* 
0.00 
0.00 * 
* 
* 
0.00 
0.00 * 
* 
1. 
1. 
1. 
1. 
3. 
3. 
2. 
2. 
2. 
2. 
0. 
2. 
2. 
1. 
1. 
7. 
7. 
0. 
1. 
1. 
2. 
2. 
1. 
1. 
-0.02 
-0.02 
-0.02 
- 0.02 
-0.04 
-0.04 
-0.03 
-0.02 
-0.04 
-0.02 
-0 * 02 
-0.03 
-0.03 
-0.04 
-0.03 
-0.03 
-0.02 
-0.05 
2.35 
1.35 
0.07 
0.07 
-0.04 
-0.03 
* 
* 
* 
* 
0 . 0 1  
0.00 
0.00 
0.00 
0.01 
0.02 
0.02 
0.03 
0.01 
0.02 
0.01 
* 
* 
* 
* 
* 
0.17 
0.17 * 
* 
1. 
1. 
1. 
1. 
0. 
3. 
2. 
2. 
6. 
2. 
1. 
4.  
2.  
3. 
1. 
13. 
7 .  
1. 
1. 
1. 
2. 
2. 
1. 
1. 
* A n a l y s i s  n o t  done  
TABLE 9c: CONCENTRATIONS OF ARSENIC, CADMIUM AND ZINC ABOVE OR BELOW THE WATER 
QUALITY OBJECTIVES FOR PROTECTION OF AQUATIC LIFE 
P 
N 
Element and  Dr ink ing  N icke l  .025 mq/l Copper 1 .0  mq/l A r s e n i c  .05 mg/l 
Water S t a n d a r d  
(Env. Can., 1979) 
Loca t ion  Sample MEAN STD DEV N MEAN STD DEV N MEAN 3 T D  DEV N 
G r e a t  
Bear Lake 
KO3 
KO4 
Garbage 
Lake 
Cobalt 
Channel  
Bear 
Bear 
Creek 
Labine  
Bay 
Murphy 
Bay 
S i l v e r  
P o i n t  
W e s t  
Ad: +, 
Garbage 
Creek 
S u r f a c e  
Su r f  ace 
S u r f a c e  
Bottom 
S u r f a c e  
B o t t o m  
S u r f a c e  
S u r f a c e  
S u r f a c e  
S u r f a c e  
S u r f a c e  
S u r f a c e  
S u r  f ace 
F i l t e r  
Un f i 1 ter 
F i l t e r  
U n f i l t e r  
F i l t e r  
Un f i 1 ter 
F i l t e r  
U n f i l t e r  
F i  1 ter 
Unf i l ter  
F i l t e r  
F i l t e r  
Un f il ter 
F i l t e r  
Un f i 1 ter  
F i l t e r  
Unf i l ter  
F i l t e r  
F i l t e r  
Unf i l t e r  
F i l t e r  
Unf i l ter  
F i l t e r  
U n f i l t e r  
-0.02 
-0.02 
-0.02 
0.00 
0.03 
- 0.01 
0.01 
0.03 
-0.02 
-0.02 
-0.02 
-0.02 
-0.02 
-0.02 
-0.02 
-0.02 
-0.02 
-0 * 02 
0.18 
0.22 
-0.00 
0.03 
-0.02 
0.01  
* 
* 
* 
* 
0.02 
0.02 
0 .04  
0.03 
0.01  
0.00  * 
0.00 
0.00 
0 .01  
0 .01  
0.00 
* 
* 
* 
* 
0.03 
0.07 * 
* 
1 
1 
1 
1 
10  
3 
2 
2 
6 
2 
1 
4 
2 
3 
1 
13 
7 
1 
1 
1 
2 
2 
1 
1 
-1.00 
-1.00 
-1.00 
-1.00 
-1.00 
-I. 00 
-1.00 
-0.99 
-1.00 
-0.98 
-1.00 
-1.00 
-1.00 
-1.00 
-1.00 
-1.00 
-1.00 
-1.00 
-0.79 
-0.81 
-0.95 
-0.96 
-0.99 
-1. on 
* 
* 
* 
0.00 
0.00 
0.00 
0.01 
0.01  
0.82 * 
0.00 
0.00 
0.00 
0.00 
0.00 
* 
* 
* 
* 
0 .05  
0 .05  * 
* 
1 
1 
1 
1 
10 
3 
2 
2 
6 
2 
1 
4 
2 
3 
1 
13 
7 
1 
1 
1 
2 
2 
1 
1 
-0.05 
-0.05 
-0.05 
-0.05 
0.03 
0.10 
-0.03 
- 0.05  
- 0 .05  
- 0.04 
-0.02 
-0.05 
- 0.02 
-0.04 
-0.05 
4.15 
4.25 
3.45 
3.80 
-0.04 
-0.03 
n.oo 
1-1.05 
-n. 05 
* 
0.01 
0.02 
0.13 
0.20 
0.05 
0.01 * 
0.01 
0.00 
0.05 
0.08 
0.01 
* 
* 
* 
4.95 
5.44 
1 
1 
1 
1 
10 
3 
2 
2 
6 
2 
1 
4 
2 
3 
1 
1.3 
7 
1 
1 
1 
2 
2 
1 
1 
* Analysis not done 
TABLE l o b :  CONCENTRATIONS OF NICKEL, COPPER AND ARSENIC ABOVE OR BELOW THE 
DRINKING WATER OBJECTIVES 
Clement and Dr inking  Cadmium .005 m g / l  Zinc 5 . 0  m g / l  Cobalt 1 .0  m g / l  
Water S t anda rd  
(Env. Can. 1 9 7 9 )  
Loca t ion  Sample MEAN STD DEV N MEAN Dm N MEAN STD 0 dV N 
G r e a t  
Bear Lake 
KO3 
KO4 
Garbage 
Lake 
Cobalt 
Channel 
Bear 
B e a r  
Bay 
P Creek 
w Labine 
Bay 
Murphy 
Bay 
S i l v e r  
P o i n t  
We s t 
Adit  
Garbage 
Creek 
S u r f a c e  
S u r f a c e  
Su r f  ace 
Bot tom 
S u r f a c e  
B o t t o m  
S u r f a c e  
S u r f a c e  
S u r f a c e  
S u r f a c e  
S u r f a c e  
S u r f a c e  
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- 4 . 9 7  
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0.00 
0.01 
0 . 0 2  
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* 
* 
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0 . 5 1  
0 . 5 2  * 
1 
1 
1 
1 
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3 
2 
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2 
1 
4 
2 
3 
1 
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7 
1 
1 
1 
2 
2 
1 
1 
* Ana lys i s  no t  done 
TABLE 1Oc: CONCENTRATIONS OF CADMIUM, ZINC AND COBALT ABOVE OR BELOW THE 
DRINKING WATER OBJECTIVES 
When the same calculations were made with respect t 
drinking water objectives, the results did not change 
significantly ( Tables 10a, b and c). It may be self-evident 
that the water of Garbage Lake along with the melt water from 
West Adit and the Silver Point tailings porewater, did not 
qualify as drinking water. 
4.0 CONCLUSIONS 
Perceived and realistic concerns over environmental 
problems related to uranium mill tailings dictated the need to 
identify the location of uranium mill tailings on and around 
the Port Radium peninsula. Milling records indicated that 
approximately one million tons of uranium tailings exist in the 
area. 
It is concluded that the wastes on land related to 
the uranium mining and milling era are located in the West Adit 
area and in Murphy and Radium Lakes. Most of the tailings, 
were either carried as slurries down steep slopes above the West 
Adit tailings area or via Murphy Creek into Great Bear Lake. 
Because most of the tailings are submerged in Great 
Bear Lake, radon emanationshould be curtailed and acid 
generation appeared to be suppressed. In contrast to the 
weakly acid generating tailings on land in the West Adit 
tailings area, the tailings recovered from a depth of 13  m 
from Murphy Bay were alkaline. The pH of sediments in this 
area likely remain unchanged as microbial acid generation 
at the low temperatures and oxygen concentrations recorded 
in the lake is likely inhibited. 
Johnson (1966 and 1975) suggested, based on extensive 
studies of Great Bear Lake, that the water below 100 m does not 
mix with the surface water. Therefore, even if acid 
generation did occur in the sediments deep in Great Bear Lake, 
surface water would not be contaminated. 
Although one million tons of uranium tailings were 
discharged on, but primarily around, the Port Radium peninsula, 
based on the results ,of parameters measured in this study, 
these tailings have left little effect on the surrounding 
Great Bear Lake water. In retrospect, Lake disposal appears 
to have been an acceptable solution for uranium mill tailings 
disposal at Port Radium, since dumping such a large quantity 
of tailings on land would likely have produced considerably 
greater problems. 
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The potential for problems with land-based 
tailings material is shown in the West Adit Tailings Area. 
Fortunately, this area is very small and seepage occurs only 
for a short time during the year. Not only are the 
concentrations of contaminants in the West Adit melt water high, 
but in addition, a survey of the Port Radium area carried 
out in 1983 by the Mining Inspection Services (S. Wong, 
File 204-06, 1983) detected sources of high gamma radiation 
' in the vicinity. Some remedial is required at this site. 
Murphy Lake and Radium 
Lake are either dry or covered with waste rock and 
contained in depressions from which surface seepage was not 
apparent. Since the covers will reduce oxygen penetration, acid 
generation is likely curtailed. 
The tailings in Murphy Creek , 
The chemical composition of silver tailings on Silver 
Point, and of sediments in Cobalt Channel, LaBine Bay and 
Garbage Lake was distinctly different from that of sediments in 
Murphy Bay and West Adit tailings. The estimated half-million 
tons of silver tailings were alkaline, and did not produce 
acid. In the waterlogged area of the Silver Point 
tailings, high concentrations o f  metals and radionuclides 
were detected. These results lead to the conclusion that 
disturbing or moving these tailings could produce 
greater contamination of Great Bear Lake. 
The water quality of Great Bear Lake in the vicinity 
of Port Radium did not appear to have changed since the mine 
shut down in 1982. In LaBine Bay and Cobalt Channel, no 
chemocline was found to exist above the sediment. It can be 
concluded that the water quality around Port Radium is not 
presently affected by the discharges from either uranium or 
silver mining. 
Evidence of a localized source of contamination was 
found in water in contact with the waste rock causeway, built 
with gangue from the Eldorado mine. Weathering of this waste 
rock is probably releasing metals, particularly cobalt, as the 
ore is rich in this metal. Since the exposed portion of the 
waste rock along the causeway is very small, the 
environmental effects of this release are likely small, due to 
the enormous diluting capacity of Great Bear Lake. The same 
argument may be used for the water in contact with the Silver 
Point tailings beach, supported by the lack of appreciable 
change in the water quality of Cobalt Channel. 
In Garbaee Lake, the concentrations of most metals 
were below the guidelines for the protection of aquatic life. 
Since the solubility of most heavy metals in alkaline systems is 
low, changes in the water quality are unlikely to occur with 
these tailings. The high primary productivity in Garbage 
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Lake indicated that the water supported phytoplankton. As long 
as the present conditions in Garbage Lake remain unchanged 
(anoxic sediments and stratified water column), it can be 
expected that discharges from Garbage Lake will have no 
effectson Great Bear Lake than to promote some algal growth in 
Bear Bay. Because Ra-226 and Pb-210 had not accumulated in 
this growth, the potential for transfer of these 
radionuclides to the aquatic pathway appears low. If the 
water level of Garbage Lake drops, exposing the tailings to 
dessication, it is likely that the fine surface tailings would 
be dispersed by wind. 
In conclusion, the assessment of the 
environmental implications of all waste sites on the peninsula 
and in the surrounding waters revealed that, although 1.5 
million tons of silver and uranium tailings are in close contact 
with Great Bear Lake water, environmental problems were not 
evident 
5.0 RECOMMENDATIONS 
1. The seepage from the West Adit area should be 
neutralized and the area covered in order to reduce oxygen 
penetration, and thus acid generation. 
2. The Silver Point tailings should remain in their present 
location, and restoration or stabilization is not warranted 
since no deterioration of water quality has been noted. 
Alterations of the site may only result in contamination. 
3 -  AS the present conditions of Garbage lake are 
environmentally acceptable, monitoring of the water level 
and of the oxygen profile should be performed annually. 
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Sec t ion  A 2  D a t a  Dump of P o r t  R a d i u m  Waters 
D e s c r i p t i o n  of Water D a t a  i n  Dump 
O b s e r v a t i o n  108s) t o  C o n c e n t r a t i o n  Co (CCO) 
C o n c e n t r a t i o n  U (CU) to C o n c e n t r a t i o n  Fe (CFE) 
C o n c e n t r a t i o n  Z n  (CZN) t o  D e t e c t i o n  L i m i t s  cI1 ( D A L )  
D e t e c t i o n  L i m i t s  Mn (DMN) to D e t e c t i o n  L i m i t s  S i  ( D S I )  
A b b r e v i a t i o n s  
C o n t r o l  (K01) and G a r b a g e  Lake (RO1)  
C o n t r o l  ( K O l )  and G a r b a g e  Lake ( R O l )  
G a r b a g e  Lake (H01) and C o b a l t  C h a n n e l  ( H O 2 )  
C o b a l t  C h a n n e l  (H02) and H e a r  bay ( R 0 3 )  
Bear Bay (H0.3) and Bear C r e e k  ( R 0 4 )  and LaEine Bay (1305) 
L a B i n e  Bay (FC'O5) 
L a B i n e  Bay (1705) and M u r p h y  Bay (Rob)  and 
S i l v e r  P o i n t  T a i l i n g s  (Ha81 
S i l v e r  Point T a i l i n g s  (HU8) and West A d i t  (H09) and 
G a r b a g e  Creek ( R 1 3 )  
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A 2 2  
a25 
A 2 4  
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A 3  1 
- A2 1 - 
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Section A 4  Data Dump of Port Radium Tailings 
Description of Tailings Data in Dump 
Observation (OHS) to Dy Code (DYCODE) 
Concentration Eca (CBA)  to A1 Code (ALCODE.) 
Concentration Mn (CMN) to Detection Limit V a  (DVA)  
Detection Limit A1 (DAL) to Detection Limit Ca (DCA) 
and Legend for Codes and Errors 
Sites Control - Kt32 to R05 
H05 to R 0 9  
RO9 to R10 
R01 to H13 
Data Listings of Heavy Metals in Solid Samples 
A 7 (3  
A 7  1 
A 7 2  
A 7 3  
A 7 4  
A 7 6  
A 7 8  
A 8 0  
602 
- A 7 0 -  
OSS 
SITE 
AREA 
AMEND 
SAMPTYPE 
SAMPID 
RNUM 
PH 
CONDO 
MOIST 
LO1 
cc02 
EC02 
C02CODE 
cu 
EU 
UCODE 
CDY 
EDY 
DYCODE 
ObseIvation 
Site: Conhal 
(K). Port 
Radium (R) 
AlleawithiTlsite. 
Type of site 
-nt 
G e n d  sample - 
Depth/bgaiption 
of sarnple type. 
Replicate 
mmher 
PH 
Condudivity 
z lmishlre 
Z LostonIgni- 
tion 
c, alnceub 
tion* 
Emrof C, am- 
amtdionc 
code of c, 
u mnaentzatona 
Enur of U con- 
centration* 
code of u* 
D y  oonamtm- 
tion* 
b r  of D y  am- 
Qntration@ 
Code of Dy* 
na 
na 
na 
na 
na 
m 
na 
SLOW POKE 
SLOW POKE 
SLOW POKE 
SLOW POKE 
SLOW POKE 
SLOW POKE 
SLOWPOKE 
SLOW POKE 
na 
na 
na 
na 
Km 
na 
na 
m 
na 
na 
na 
vsriable 
na 
na 
variable 
na 
na 
variable 
na 
De 
CM K 
EM N 
MNCODE 
CCL 
ECL 
CLCODE 
CCA 
ECA 
CACODE 
DATE 
SUBAREA 
TEXTURE 
SUBLOC 
DC02 
DDY 
DBA 
DSR 
D I  
DBK 
DMG 
DNA 
DVA 
M n ax_aentre 
tion* 
Emr of M n a n -  
enbation* 
Code of Mn* 
C1 ancentration* 
Emr of C1 con- 
cmtration* 
Code of C1* 
Ca Ooncentm 
tion* 
Emr of Ca aon- 
aatdion* 
Code of Ca* 
Yearofsarnpling 
Type O f S a r r q W  
/ T e x t m  of 
saanple 
SiteandAm 
Co detecton 
limit* 
Dydetedion 
limit* 
Ba detedion 
limit* 
Srdetedion 
limit* 
I detsdion~t*  
Br detection 
limit* 
M g detection 
limit* 
Nadetaiion 
limit* 
V a  dettdion 
limit+ 
subarea 
SLOW POKE 
SLOW POKE 
SLOW POKE 
SLOW POKE 
SLOW POKE 
SLOW POKE 
SLOWPOKE 
SLOW POKE 
SLOW POKE 
na 
tlh 
na 
na 
SLOW POKE 
SLOW POKE 
SLOW POKE 
SLOW POKE 
SLOW POKE 
SLOW POKE 
SLOW FOKE 
SLOW POKE 
SLOW POKE 
variable 
na 
na 
Variable 
na 
M 
m 
na 
. .  na d 
na 
variable 
VariaMe 
Variable 
variable 
V8Iiable 
Variable 
Variable 
Variable 
- A7 3- 
-- - --- 
Descriptiori of data 
- ----- _- _ _ _ - _ - - _ _ ~  - --.-- 
1982 
Variable Description Unit Lplb Detection Limit 
---______ -- 
DAL A 1 detedion ccg/g SLOWPOKE variable 
limit, 
D M N  M n detection pg/g SLOWPOKE variable 
DCL C1 detection pgdg SLOWPOKE variable 
DCA Ca detection &g SLOWPOKE variable 
limit' 
limit' 
limit' 
Tor ee& element analyzed at the SLOW POKE Fadlity at the U a i v d t y  of Tomto, four 
V e r i e b l e s a r e p r O d u a e d . t h ~ b e i n g ~  'on, m r ,  aide, anddetedionlimit If the 
aode= 0. thenanadllal m- 'on and its m r  are mking, while a value is p d  
under detection limit If the cn&= 1, then M accusl conenbation plus errore induded, 
while IY) detection limit exists. A aode of 2 means analysis WBS notpeformed forthatsem 
ple. 
* = University of Toronto 
M =  mtavailable 
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Appendix 6 :  A n a l y t i c a l  Methods 
In t roduc t ion :  The sect ions i n  
several  sources. Since i n  many 
metals and rad ionuc l ides  are  a t  
r e p o r t i n g  o f  the  various ana ly t  
e s s e n t i a l .  
h i s  r e p o r t  have o r i g i n a t e d  from 
instances, concentrat ions o f  heavy 
o r  below the  de tec t i on  l i m i t ,  
ca l  methods used was considered 
The methods, a n a l y t i c a l  procedures and re la ted  
in format ion  are reported, as supp l ied  t o  M. Kal i n ,  Un ive rs i t y  of 
Toronto, w i t h  no intended changes. 
The views expressed and the  statements made remain 
the  respons i b i  1 i t y  o f  the named author (s )  . 
M. Ka l i n ,  March 20, 1984 
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APPENDIX B - RADIONUCLIDE ANALYSIS 
1.1 c- Labaatqg 
R a d i w W  Radium-220 rrme(rrsuremenfs w m  paformed using n CBlberra M ode1 2200 Alphe  
Beta Analyzer, desuibed Fgeyiously. A certified Re228 solution WBS p~- from A n r ~ s  
harn Radiochemids This solution had been m o w  aalibsated t@x& a LS National Bureau 
of Stan- Re226 source andhad abtal uncedainty of notgreaterthan f 3.9 percent in its 
ectivity. 
Radi~11-22B WEE ed by the @@ation method in which rzldium is idated by a 
mliod~emid separation involving COFaedpitation with barium d a t e  The radium baxium sul- 
fate pxipitate is stored for a week to allow for the iagmwth of d o n  and its daughters, thereby 
inmasing the sensitivity of the method. The pecipitate is then alpha -- counted and cornpared 
with standads cmied ttuDugh the same pro- 
ExErrrimek\tal: Sampes for btal radium-226 w= acidit5ed to one percent HNOB at the time 
of collection and subsequently digested with perchloric add. Samples for dissdved radium-226 
were filterled thmugh a 3.0 mimn memhane filter and then addified to one peroent HNO3. 
Following digestion or filtration, mdiurn is ranoved from solution by urpmcipitaiion with lead 
sulfate. The lead sulfate is then dissolved in alka?ine ethyienediaminetetmacetic add, barium 
mnier is added arid bzaium sulfate preferentially pmci#abd by lowering the pH t~ 4.5. 
Rad ium is copreci@&ed with the barium d a b ,  redissolved and refHeci@aked to remove 
traca of other radionuclides The precipitate is tmnsfened to a tared stainless steel planchef 
dried under an infrared lamp and then in an oven, cooled in a df?.si&r and weighed Samples 
ae stored for a minknun of one week to &ow for the ingrowth of radiurn228 da~~&tets and 
to allow for the b y  of 1-adiurn-223 and its daughters A t  the end of this plaid sampIes are 
counted for their alpha activity and cornpared to the activities of standard radim2z8 solutions 
which hare been d e d  h u g b  the seme pocedum The debction limit of this method is 0.2 
$i/l at the 95 percent confdenm level for a 100 minute counting period. 
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REFERENCE: APHA Sec 705, pp. 661-66& 
L d 2 1 R  Lezal-210 measumnmts wen? petformed using a Canbena M o d e l  220 AlphaI3eta 
Analyzer desaibed pnwiously. A standard lead-210 solution, obtained from A m e m  
Rdimherrlical Limited was oertified tp have a totel uncdainty in ita adivity of not g m a b  than 
f 2.3 pemt. 
Lead-210 is diffimlt to detsmine dhctly becauge of the low en- of its beta emission. 
For this mason, lead-210 is detemm ed i n M y  by the measmmmt of the beta emission 
fmm its daughter, Bi-210. In this method, the bism&210 d t i n g  from a definit~ ingmwth 
period or known to be in equilibrium with led-210 is isolatd by sohent'exhction and then 
pxipitated as bismuth oxy&londe for beta counting. 
Exprimertak !kr@es for total Pb210 were acidified to one percrent HNO, at the time of 
aolleciion and subsequently digested with perd-donc txid. Samples for dissolved Pb210 were 
filter& through a 3.0 mimn membrane filter and then rrcidified to one peroent HNOB. 
Following digestion or filtrzltion, a lead md bismuth catzier solution is tdded and the 
esulting sdution is acidified to 2M HCL samples are then s h e d  for 30 clays to ensure that 
-210 and Bi-210 are in equililxim Subsequently bismuth-210 is e x h d d  inb chlomfom 
with diethybmrnomum diethyiditliocdxmd~. An aliquot is mnoved in order to test the 
efficiency of the extraction by atomic absxption methods The remahhg b i d  is precifi- 
takd as mixed salts (hydmxide. oxyddoride), sepaabd and redissolved and finaUy precipitated 
ee pure tisnuth oxyddoride This -$ate is collected on a 0.45  mi^ rmmbmne filk, 
airdried weighed and mounted on a ring and disc d l y ,  c o v d  with aluminum foil and 
beta - wuntad Bfter 24 hours. * 'on of m y  
weak -210 beta pertides while @thg the ITDZ~ mergetic Bi-210 peptides b pass thmugh. 
The s b q e  period of 24 hours Buows for the of bisrnuth-211, tismuth-212 and bismuth- 
214. The activity of samples is oompared with the d v i t y  of standards canied through the 
same m d u r e .  Counting paiods wem of 100 xninuks W o n  and the detection limit mu- 
tinely achieved was 1 
REFERENCE G. Smithson*, SaskBtCfioran R d  Council, M e t h o d  to be published in a 
RadionudideMethodologyH~kbyCANMET, EM dc R. 
Thaium Isotqts: The mmmmnent of thorium isotopes 232, 230, 228 and 227 was per 
formed at the Saskatrhewan Research Council. Thoxim isotopes wem isolated Emm solution 
by eledmplatjng onto stainless steel discs which were svbsequently wmted using alpha spec 
bscopy techniques Standad solutions of Tk232 m d  Th-rn wem ppared fmm thorium 
%ad an H.G. R t m v  md A .  Cover, Anal. C h a n ,  3/:1659. 1- 
The duminum foil me9 to pnvent the t 
at the 95 pemmt o o n f i w  level. 
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n i t z u b p u m h e d h p m A ~ R a d i & ~ ~  Thatbariurnnit&aaeeeuR¶cidyagedt~ 
ensure that both isotopes w m  in 9eculBr equilibrium sdutiona d known d v i t y  d Th-230 
andTh-227 were preparred fmmunmiumores certified to be in &a equilitaim 
ExptximmU Samples for total thorium isotopes m acidified to one percglt HN09 d the 
time of mllection Prior to analysis, SBPnpes  we^ spikes with lenthenurn d e r  as well BS a 
known activity of a k r ,  the beta-emik Th-234, in otder to ~ry?asure the overall efficiency of 
the pcedure. Samples were then cbgested wi th  peiddoric mid to ensure oorrqdete dissolution 
of all thorim species Thorium is then i s o M  from solution by a p d # d i o n  with l m b ~  
nun hydroxide; purification is efiected by redissolving this precipitate and praiptatmg lentha 
nurn fluoride. The lanthanum flouride precipitate is then dissolved and the thorium isotopes 
ae exhc td  into benzene using thenoflbi~¶~o- aubsquently stripped intn aqueous 
nitric acid and digestd with perr;hloric arid to dryness The residue is dissolved in water, an 
e l h l y t e  (N&XIr> is added end the is tzansfemxl to a plating dl cornparising a 
skinless -1 disc cathode and a platinum anode. Eledm-paiing is atnried out for three hours 
at 0.5 amperes of current dter which time the stsinless steel disc is -with water end 
ethanol and dried at 150 ‘C. 
‘ ’ 
The disc is then betaoounted for Th-234 in order to clehmnm - thew€dlE?Co%-eIy 
efficiency. The disc is then paCea in avamum chamlxr, the chamber is eymmt.4 and the 
thorium alpha spectrum is measured using a plre silicon ruggedized surface M e r  detmbr 
with its associated prezmpWier, amplifier and bias vol-e supply. The spedzum is resolved 
into its constituent oorrxponents by a Nudear D aka M odd 100 multi-channel analyzer and the 
activity of samples is wrnpEped to the divity of s tandds  oanied thmugh the same procedure. 
Counting periods were 100 minutes duration and the detection limits obtained were as follows: 
Th-232, Th-230, Th-228, al l  0.3 pCiA Th-22?. 0.5 pCib 
REFERENCE: G. Smithson, saskzdcheivan R d  Cound, M e t h o d  to be published in a 
Radionuclide M ethodology Handbook by CA NM ET, EM & R. 
15 CANMET, Radiochemical lhceduresforD- . ‘onof SelectedMembers 
of the Uranium and Thorium Series, CANM ET, Report “EKZ, Januq7 1979. 
- -  1.2 University - of Waterloo 
Radiochemistry for Radium-226 and Lead-210 Determinations (by H.D. Sharma) 
Preparation of Materials. Radium adsorbs onto  ac t ive  s i t e s  in untreated 
glassware,  resulting in e f f e c t i v e  radium loss. To prevent this, all glassware was coated 
with a silicon solution and then baked at high temperatures  overnight to provide a firm 
coating.  
Preparation of Cation Exchange Resin. Dowex 5OW-X8 (200 - 400 mesh) resin 
in t h e  H'cation form was used. The resin was conditioned by allowing i t  to s tand for  48 
hours in a 3 N HCI solution. I t  was then de- aerated and 5.0 to 9.0 cm' of t h e  resin was 
filled in to  a column (10 x 2 cm). The packed column was washed with de-ionized distilled 
water.  
sample Preparation. The samples  were  prepared at t h e  Insti tute for 
Environmental  Studies and supplied e i t h e r  as a solid o r  as a liquid sample.  The liquid 
samples  (water  and vegetation digest) were  adjusted to a pH range of 1.0 to 2.5. The solid 
samples (tailings and soils) were  dried and  e a c h  sample was placed in a Nalgene bottle 
with 30 mL of DTPA (Diethylenetriaminepentacetic acid). DTPA acts as a n  extracting 
agen t  bringing radium sulphate and o ther  cat ions  into the  solution. The solution was 
centr i fuged and acidified with HCl to pH 1-2. 
The solution was  passed through t h e  cat ion exchange resin. 
The absorbed radium was e luted by passing 200 mL of 12 M HCI through t h e  column. Six 
M HCI fo rms  a constant boiling azeotrope,  thus  i t  can b e  prepared by boiling 12 M HCI 
down to approximately half volume. The result ing 6 M HCI solution was diluted to 3 M 
with distilled water  and placed in a 125 mL Nalgene bottle. 
Because of t h e  sub-picogram yields of nuclear decay products, 1.0 t.lg of lead 
and 1.0 t.lg of bismuth iner t  ca r r i e r s  were  added to t h e  sample. Isotopic exchange 
between inact ive  and t h e  radioactive isotopes was ensured. Further,  0.7 mL of a 2% 
solution of hydrazine dihydrochloride was  added to ensure  t h a t  t h e  oxidation states of lead 
and bismuth were  (11) and (111) respectively. Finally, a few drops of xylene were  added t o  
provide a covering for the  solution to prevent  escape  of any radon gas. 
Radioanalysis. 
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The solution of the  sample thus prepared was stored for a minimum of 3.8 days 
The decay of radium-226 occurred to its daughter products during storage as 
(the half- life of Rn = 3.8 days) to allow the  growth of the daughter products. 
shown in the  following figure. The accuracy of the method depends on ensuring tha t  no 
radon gas escapes during the  storage period. 
Ra-226 
t l / 2  = 1622 yr 
I "  
Rn-222 
t l  12 = 3.8 days 
PO-2 I4 
l a  
Po-2 1 s Po-2 10 
t l / 2  = 3.05 min t l / 2  = 0.00016~ t l  f2  = 138 days 
a Bi-2 10 Bi-2 14 a 
/ t 1 / 2  = 
Pb-214 B- 
t l  i2 = 26.8 min t 1 } 2  = 22 yr s table  
lead 
is0 tope 
Lead and bismuth were extracted from the  aqueous solution with 4.0 mL 
aliquots of DADDC (diethylammonium diethyldithiocarbamate) solution in xylene. This 
DADDC solution is prepared by mixing a solution of 5.0 mL of diethylamine in 45.0 mL of 
xylene with 10.0 mL of carbon disulphide in 40 mL of xylene. This procedure results in 
t he  extraction of t he  Pb-210, Pb-214, Bi-214 and Bi-210 into t h e  organic layer. This 
organic layer is pipetted onto a stainless s tee l  planchet and placed under a hea t  lamp. I t  
is essential  t ha t  the extraction is carr ied ou t  within 20 minutes as the  half-lives of Pb-214 
and Bi-214 a r e  short. The organic layer is evaporated, leaving lead and bismuth on t h e  
p lanchet . 
The act ivi t ies  due to Bi-210, Bi-214 and Pb-214 were assayed with a gas flow 
proportional counter for be ta  act ivi ty  for I hour subsequent to t h e  extraction. The Pb- 
210 was no t  de tec ted  because of its low be ta  decay energy. The sample was counted 
again 1 day a f t e r  t he  separation. The act ivi t ies  due to Bi-214 and Pb-214 had essentially 
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decayed to negligible amount  as thei r  half-lives a r e  19.7 and 26.8 minutes respectively. 
By assuming t h a t  secular equilibrium exis ts  between Pb-210 and Bi-210, t h e  act iv i ty  of Bi- 
210 is then equal  to t h a t  of Pb-210. Thus t h e  second assay minus background equals Pb- 
210 activity.  
The assay results  were  then used by applying t h e  standard decay equations for 
t h e  determinat ion of Ra-226 in t h e  sample. An example  of t h e  calculation is given below: 
Initial Pb-214 Activi ty  
Where: 
Ac - 
A, - 
- 
te - 
tC 
t h e  number of counts due to Pb-214 and Bi-214 = (f irst  count  - background) 
- (second count  - background) 
initial ac t iv i ty  of Pb-214 ( a t  t h e  t i m e  of t h e  s t a r t  of t h e  extract ion)  
t i m e  of duration of extract ion in minutes 
duration of t h e  counting period = 60 minutes 
1 - In 2 / t  112 in minutes for Pb-214 
A2 - In 2 / t i I 2  in minutes for Bi-214 
Ed - cal ibra ted efficiency of t h e  de tec to r  
This equat ion reduces  to: 
Ac = Ed A,f(t), where  f ( t )  is ca lcula ted for various values of t,: 
te = 13 min, f ( t )  = 59.5176 
te = 17 min, f ( t )  = 55.6632 
te = I3 min, f ( t )  = 54.5862 
te = 19 min, f( t)  = 53.5253 
= 20 min, f( t)  = 52.4517 te 
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The reduced equation is solved for A, and A, substi tuted in to  t h e  equat ion A Ra-226 = 
A,/(l - e-’lts) where  
Rn-222 = 5472 min, ts 
A Pb-210 = 
Error: 
Ra-226: Error: 
Pb-210: Error: 
Both resul ts  in 2 pCi, 
A Ra-226 = act iv i ty  of radium-226 and A3  = In 2/t  1 /2 in minutes  of 
= s to rage  time. 
(number of second counts  - background) 
2.2 x Ed x 60 
(net number of counts  ( f i rs t  and second) + ave. background) 1 /2 
60 x 2.2 x Ed x w t  x (in g or L) 
(number of second counts  + background) 1 /2 
60 x 2.2 x Ed x w t  (in g or L) 
Determination of radium standard activity. To determine t h e  ac t iv i ty  of t h e  
radium s tandard,  alpha-ray spectroscopy was  employed. A 0.2-mL sample of t h e  s tandard 
was evaporated on a planchet. The planchet was  placed in t h e  alpha coun te r  and  counted 
overnight. The t o t a l  number of counts  under t h e  appropriate peak were  recorded. 
t o t a l  counts x geometry f a c t o r  
= counting t ime  (min x 2.22 x 0.2 mL) 
Geometry fac to rs  = 3.60 
Using th i s  procedure, t h e  activity of t h e  s t andard  solution was determined. All analyt ica l  
procedures w e r e  examined by using t h e  s tandard solution. 
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U d u u x  sediments were analyzed by clehyed neutmn counting USiDg a ScnvpokE 11 
reactm for dvat ion  This method has a detection limit of 0.1 ppn anci a pmision of f 2 
percent of the m m t  psent W a k  slanplea wem furst e x h A d w i t h  tri-octyiphosptine 
oxide in cyclohexane b oonmtrate and isolate the umium (Ashbrook, En-, Mines 
and Resouroes Information C i d e r  IC-226, 1971). The Uranium oontaining extrad was 
then analyzed by the mrr~entional ultra-violet d t e d  f luoresoa~~ ppcethne a f k  fusion 
wi th  N aF (Ingles, M i n e s  end T e a &  Surveys, Canada, M onograpl888, 1959). 
Radi-228: water sgnples were analyzed by first conu=ntding the radium with lead 
d a b = ,  dissolving this -Lid in M slkntinsEDTA Qlution spld then npleci@tating the 
ledium with Mum sulfate. The baniurn sulfade, adtar suitable e o n ,  is analyzed for 
radium by gmss alpha Couding (Smithson. C d  R p ~ t  78-22 1979, pege 29). Sedi- 
ment samples were d y z e d  by the ~asne #um after the solid had been dissolved 
using a potassium pyxsulfate fusion. The results for all solid mes W ~ F B  wnfkmed by 
determining the Re226 by gamma -py. The detection Umit of the M u m  sul- 
fate -- p s s  alpha counting pcedum is 0.m Bq/g (oolid~) or Bqll (liquids). The one 
sigrna standad deviation is appnxi.m&Ay f 7 percent of the amount present 
Lead-a@. wad;er sanpaes aae analyzed by €&€ding bismuth-210 (dmlghtfx of lead-210) 
from the strongly eciciified sample into a cbloroltorm solution of diemnanium diethyl- 
dithiombamak. The bismuth is badr-artibebed into an addic aque0~1~ phase and then 
precipitated SS bismuth oxyddoride The preditate is 0oIlected on a suitabIe plmchet and 
the beta activity of bisnuth-210 is xneimmd on a low bdqpmd, gaMow, pportional 
counter (Smithson, Fah~i and Petrow. Canrnet Repmt  78-22, 1979, pege 55). Sediment 
smples w e  d y z e d i n  the sdane manner adtertheywere dissohred by apotassiumpp- 
sulfde fusion A l l  sediment d k  wem ans-thedced gamma e s m p y  of the 
solid sample using a planar gemanium detector. The detection Limit of the. beta couutjng 
poedure is 0.04 Be/g (solids) or Bq/l (liquids). The one sigma stan- deviation is 
6ppmximately .f 5 pemzrlt of the amolmtpI?z3ent 
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Request fcr umEirxmtitn d s e l w  BBlLples 
(LeiIirfmmGerae S r i t h s m t o M ~ K a t i n ~ J a m u ~ y 2 9 ,  IW). 
Dearhfargmk 
Y. Kalin to SRC. 
Sow forthe long May in getking -to you I wzzs trpine to lode the samples here in 
the lab but was unsuccedul. The solids weze rehuned t~ Rtqjit and the ranainder of the 
water samples was discarded back in 0 ctober. 
I went through the d t s  and checked celdations md did not come up with any 
changes. The sediment and solid samples were d y z e d  by both gamma specbsmpy and the 
wet chemical ptxedm (durn-226 and led-210). Good qgreement was obbined for the two 
methodologies so this would tend to oonfirm the reported d k  S I  thge was no Water 
sample remaining it is V b l e  tn check the majoritp. of the samples. Radium was v e t t e d  
on b e  wjrrplee right sdter they w m  firat sllslyzs& 
5536 Slver Point (pour ~-*) total 3.0 2 0  (repezlt) 
A large amount of solids was gmsmt in 5538. This p p W y  accwnts for the l q e  
difference in the two 4 t . s  It is diffiarlt to mpmdudbly simple water containing l q e  
emounts of rapidly settleable solids That’s about all the i n t o d o n  I CXI @de p u  with on 
those Sam@=. 
NOTE: ConGrrJleho . n wm lequested for the high radionuclide wn(38nhti- m p d d  for Ray- 
mdc 
DearGene :  
I have endosed a listing of the d t s ,  all those wailable on the Ragrodc and Port 
R ~ u m s t u d y .  T h e  are some points I wouldlike your opinion on time I amnot really sure 
whatb make of it. 
In sorting the results according to type, su& m water md t d i q s w i t h  resped to their 
loosfions, I cmnnot miss ti0 no& u n d  &nilaritisQ in the oonmntdions~ mpoM I am 
cxbunely puzzled b u t  the f a d  thet out of 19 solid ~EI@S of 9 i C  d y 4 ~ ,  dx sarrples hewe 
identical mncentmtions for R&Z20 and Pb210. Thls would suggest a nearly perfect linear rel& 
tionship of the two isotopes which in add M h g s  WE& have been on the surf- for about 25 
-B10- 
yeam is highly unliily and from my- mous d t s  was never indiadd. 
F u r t h m ~  I note that the fnquency with which the sarm ama?nMons am reported is 
high, maillarly in the hgher concentration n q e s  (81 1 and 676) and in the w e  samples I 
just don’t know what to I.llake of it, as the pbability that identid wn-Mons exist in 
difkmnt envimnmental seanpla from my experience on the &dings is germally very low. 
Given your emls and the detdion limits which differ for Re228 and Pb210 to p d m e  
identid numbers even in rqlicak analysis appearx to rm difficult Furthenm~e, I would like 
to mport the concentmiions nzfleding the analytical precision. ie. get d M  points or mrs 
for all nurnbers 
I would be really pleased if you could c o d  on these queries as soon as possible. The 
Port Radium and Roymdc work has mceived m t l y  a lot of public attention and bus I am 
v q  ooncemed about the concsxhations. For the time being I have not ~lleased the ooncentra 
tions other than in a dtaft to the scientific authority, aud ham requeskd th& they are not 
released to Health and W elfare fo r  the time being. 
I have also enclosed the informa.tion on the analyticel methods, whi& are to be pblished 
in the appendix of the wrt. You maywant to check the draft and &maybe something 
about the quantifi&on of the -very. 1 am not sure if you have used a d e r  for bismuth 
or not 
I hope p u  excuse m e  for bothering you abed these numbers again and I trust that you 
am understandmy mncem. 
R*&C- S h & b u n  6 M m g w t k  KcrLin $2 I S W  (&masse d-  
i w  m A p %  IS, 1984). 
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SECTION B 2 :  MULTIELEMENTAL ANALYSIS 
- -  2 . 1  U n i v e r s i t y  - of Toronto,  I .E.S.  
Neutron a c t i v a t i o n  a n a l y s i s  w a s  c a r r i e d  o u t  on a l l  s o l i d  samples 
from t h e  P o r t  Radium s tudy  ie .  1982 by M. Ka l in ,  fo l l owing  t h e  
i r r a d i a t i o n  scheme developed f o r  uranium m i l l  t a i l i n g s .  The 
s i l v e r  t a i l i n g s  however con ta ined  s i g n i f i c a n t  amounts of 
manganese, which inc reased  t h e  d e t e c t i o n  l i m i t s  r e p o r t e d  f o r  
uranium t a i l i n g s .  Detec t ion  l i m i t s  are t h u s  r e p o r t e d  i n  t h e  
d a t a  r e p o r t  Appendix pg. 70-81 f o r  each  i n d i v i d u a l  sample. A 
summary of d e t e c t i o n  l i m i t s  and errors was given i n  t h e  P o r t  
Radium Report  (1983) , a long  w i t h  t h e  r e p o r t e d  mean c o n c e n t r a t i o n  
o f  t h e  e l emen t s .  
Neutron Adztivation Analysis (by J. Blondal) 
Theoretical Considerations. The sample  to be analyzed i s  i r radia ted with a 
fixed known flux (9) of thermal  neutrons fo r  a specif ic  t i m e  (tirr). An e lement  amenable  
to ac t iva t ion  analysis must,  in th is  process, produce a n  unstable isotope in sufficient  yeild 
to allow de tec t ion  of its y ray emissions. All t h e  isotopes pert inent to t h e  present 
discussion resu l t  from (n, y) reactions, e.g. 27 A1 (n, y) 28 A1 (i.e. ;;A1 + on -t 2 8 ~ ~  l 3  + y). In 
t h e  above  example ,  28Al then decays  via B- decay with a n  accompanying emission of a 
y ray of energy  1779 keV. 
isotope produced f rom N a toms  of the  e lement  in t h e  sample is: 
Allowing for a decay t i m e  of A t ,  t h e  act iv i ty  A of t h e  induced radioactive 
A A t  = N ba (I - exp (-A tirr)) exp  ( -A A t ) ,  
where: Q is t h e  nuclear react ion cross-section and X = Iln 2/T 1/2 is t h e  decay constant  for  
t h e  radioact ive  isotope. 
Racticak, Considerations. The technique employed involved no chemical  
separat ion or t r e a t m e n t  and is therefore  ent i re ly  instrumental. A sample  is  placed in a 
I -mL polyethylene vial  and is irradiated according to  one of t h e  following irradiation 
schemes described in t h e  following table. Water samples a r e  t ransferred to a fresh vial 
immediately a f t e r  irradiation. 
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Sample Type 
Irradiation Time Reactor  Power Decay Time 
( m i d  (k W) (min) 
water 
soiI/tailings 
vegetation 
acid digestions 
20 
2 
10 
10 
2 
15 - 20 
5 - I5 
10 
Following irradiation,  t h e  samples were  counted for 5 minutes on one of the 
two X-ray spectrometers .  The 4096 channel memory was used. The f inal  print-out yields 
in tegrated counts  of se lected peaks and their  adjacent  backgrounds of t h e  activated 
samples y energy spectrum. Sample- to-dectector d is tance ( tha t  is sample  position) is 
increased for  those  samples  whose associated dead- time would otherwise  be  significant 
(> 15-20%). 
In pract ice ,  t h e  samples '  ac t iv i ty  is compared to t h a t  of a set of standards 
prepared for  e a c h  e lement .  Use of such a di rect  comparison is  based on t h e  assumption 
t h a t  t h e  isotopic abundances in both samples and s tandard a r e  ident ical  for a given 
chemical  element.  This is valid fo r  a l l  e lements  analyzed here. 
For a given irradiation scheme (irradiation t i m e  t. and power 2)  and decay 
t ime  A t ,  t h e  specific ac t iv i ty  F, (counts ra ther  than decays) is found for a given isotopic 
standard f r o m  t h e  expression: 
in counts  per pg per f ive  ( 5 )  minutes. Here t h e  expression has been back-extrapolated to 
A t  = 0, and P and B a r e  t h e  in tegrated peak and background counts,  respectively. 
For those  samples i r radia ted a t  2' k W  for ttirr and  counted at a position "p", a 
new Fd corresponding to these  conditions can  be calcula ted f o r  e a c h  e lement  as follows: 
i r r  
F, = (P - B)/(exp(-X x At) x pg element  irradiated) 
1 - exp (-A x tIirr) 2' 
l$'=Fox - X 
2 1 - exp (-A x tirr) P 
x c  
where C 
standard at  position qtptl, 
is a correct ion f a c t o r  determined experimentally by counting a n  irradiated 
P 
An elemental  concentra t ion in a given sample can then b e  calcula ted in units  
of p g l g  as: 
(P - B)/(exp(-X x A t )  x W t  x F,) 
where Wt is t h e  samples weight in grams, A t  is t h e  decay t ime,  P and  B a r e  t h e  measured 
peak and background counts  fo r  t h e  appropr ia te  y ray, and F, is chosen for  t h e  
appropriate operating paramete rs  ti,,, 2, counting position, and counter.  
Errors. A major source  of exper imental  er ror  is derived f rom t h e  statistics of 
counting, here: CJ =v/P + B. Thus, for  a significant ne t  peak (P - B) t h e  e r ro r  (as a 
percentage) is given by: 
The approach used in checking whether  t h e  counts  a r e  significant is as follows: if  
P - B > 4.65Y& then t h e  peak is significant. Otherwise, the re  is no "real" peak, and a n  
approximate detection l imit  c a n  be  obtained by using 4.65VE r a t h e r  than  P - B in t h e  
ensuing calculations. 
For one of t h e  t w o  counters  used, an  anomalous net  background count  was  
found at t h e  y ray energy (74.6 keV) corresponding to t h e  239 U isotope used in measuring 
uranium content. This peak was  counted for e a c h  analytical  run and was  sub t rac ted  f rom 
t h e  sample  counts at tha t  y ray energy. In addition, a correct ion was m a d e  f o r  t h e  - 
contribution of t h e  reaction 28Al (n, p) 27 Mg to t h e  27Mg peak used fo r  magnesium 
determinations. 
A Calculated Example. Suppose a 0.5438-g sample was i r rad ia ted  at 10 k W  for 
6 minutes and counted on counter  No. 1 at position 4 a f t e r  A t  = 15 minutes. The F, of 
t h e  1811 keV peak of 56Mn (X = 0.00447 min-l) is 28.8 for a n  irradiation of 1 minute  a t  2 
kW reac to r  power. The pert inent 6' is then: 
where C - 0.450 is t h e  correct ion f a c t o r  fo r  t h e  56Mn 181 1 keV peak fo r  position "4". 
Peak and background counts  f o r  t h a t  peak were  2800 and  57 respectively. The 
P 
concentration of manganese in t h e  sample  was  then: 
(2800 - 57)/(exp(-0.0047 x 15) x 384.5 x 0.5438) = 14.0 pg/g 
The error  associated with counting statistics was: 
that  is - + 0.3 pg/g, therefore  t h e  concentration of Mn in t h e  sample  is 14.0 2 0.3 g/g. 
a r e  given in t h e  following table. 
The F, for 1 min at 2 kW and a counting position 1 used for t h e  calculations 
F, FOR 1 Min AT 2 kW COUNTS AT POSITION I 
Element x (min-'1 Fo (C1) Counter 1 P4/P 1 
FO (C 2) 
Counter 2 P4/P 1 
c o  
U 
DY 
Ba 
Ti 
Sr 
I 
Br 
4 
N a  
v 
A1 
Mn 
c1 
Ca 
0.066 
0.0294 
0.00495 
0.00835 
0.00407 
0.0276 
0.0393 
0.0732 
0.00077 
0.184 
0.3000 
0.00447 
0.0185 
0.0787 
504 
17 00 
3870 
4.83 
1.57 
110 
44. I 
0.401 
1.70 
1110 
83.7 
28.8 
1.47 
0.129 
0.379 
0.384 
0.383 
0.382 
0.386 
0.388 
0.390 
0.395 
0.420 
0.437 
0.443 
0.443 
0.450 
0.450 
0.450 
47 2 
2290 
5220 
9.09 
2.99 
235 
89.7 
0.799 
3.25 
2010 
169 
51.8 
2.78 
0.241 
0.525 
0.527 
0.525 
0.520 
0.507 
0.547 
0.506 
0.525 
0.540 
0.534 
0.525 
0.533 
0.525 
0.574 
Correction Factor for P8/P 1 I). I02 and P 1 O/P 1 0.045. 
R. Hancock F,: Dy 1550 (our results  50% lower) 
Mn 20.5 (our results 30% lower) 
C l  = Counter  1 
C2 = Counter  2 
(Standards run in  Dec. h Jan. 1980; 3. Blondal) 
STANDARD MATERIAL ANALYZED BY NEUTRON ACTIVATION ANALYSIS DURING SAMPLE DETERMINATIONS 
2 630 N.B.S. Coal our* 5 .6  1.66 1 800 403 34.3 17 100 41 .O 
No. 1631 analysis - +0.6 - +o. 12 - +I80 - + 36 - + I  .4 - +I70 - +2 - +290 
given 5.7 1 . 4  2 000 414 35.0 18 500 40.0 4 300 
(+0.4) - (20.1) (+500) (220) (+3) (+I - 300) (+3) - (+500 - 1 
96.8 13 450 
analysis - +200 - +28 - +0.17 - + I  1 - +2 - +400 
given 0 . 2  0.029 6 200 82 not not 91 .O 20 900 
not (+0.005) (2200) (26) given given (24 ) (+300) - 
Orchard leaves 
SRM No. 1571 our* 0.9a 0.2a 6 220 58 0.55 419 
I 
W 
w l  
I 
certified - A 
* Errors are calculated as ( , , / m / P  - B) 100 a 1 = standard deviation 
Source: EPS-5-WNR-81-1 (Kalin, M.) 
detection limits 
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Detection Limits and Errors in Neutron Activation Analysis 
TYPICAL RANGES OF DETECTION LIMITS IN MATERIALS OF THIS SURVEY 
Water Soil/tailings Vegetation 
Elements (mg/L) ( P g/g) ( P g/g) 
A1 
Ba 
Br , 
Ca 
c1 
DY 
I 
N a  
h'g 
Mn 
Sr 
U 
V 
0.06 - 0.4 
0.4 - 1.0 
0.01 - 1.5 
2 - 7  
1 - 5  
0.001 - 0.04 
0.002 - 0.01 
* 
2 - 20 
0.02 - 0.5 
0.5 - 1.5 
0.002 - 0.05 
0.002 - 0.015 
* 
* 
10 - 70 
300 - 1000 
* 
0.2 - 0.8 
1 - 20 
* 
* 
* 
150 - 600 
* 
* 
* 
10 - 65 
2 - 10 
* 
* 
0.05 - 0.5 
1 - 10 
24 - 70 
300 - 500 
* 
64 - 150 
0.1 - 0.3 
T h e  ranges  given a r e  based on t h e  mater ia ls  analyzed in this survey. They d o  
not r e f l ec t  detect ion l imi ts  and errors  of neutron act ivat ion analysis in general. The  
asterisks (*) indicates those instances where sample  concentra t ions  a r e  well above 
detect ion l imits for all  samples analyzed. The figures given a r e  typical  values; however, 
isolated samples exist  where t h e  values will b e  considerably lower or higher. 
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TYPICAL RANGES OF ERRORS (IN PERCENT) ASSOCIATED WITH THE 
DETERMINATIONS IN THE MATERIAL 
Water 
Element (mg/L) 
Soil/tailings Vegetation 
(lJ g/g) ( lJ g/g) 
A1 
Ba 
Br 
Ca 
c1 
DY 
I 
Na 
4 
Mn 
0.1 - 10 
10 - 25 
2 - 20 
3 - 30 
1 - 20 
2 - 25 
7 - 30 
0.3 - 13 
1 - 30 
1 - 5  
1 - 2  
1 - 15 
15 - 30 
1 - 20 
2 - 30 
1 - 10 
10 - 25 
0.6 - 1 
2 - 10 
0.5 - 5 
1 - 5  
5 - 15 
5 - 20 
1 - 8  
2 - 28 
5 - 25 
10 - 20 
5 - 15 
3 - 14 
2 - 5  
' Sr N/A 17 - 30 N/A 
U 0 .3  - 10 0.4 - 16 3 - 20 
v 1 - 10 1 - 10 5 - 20 
N/A = not applicable 
-618- 
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w a t' E? I e I1 g t 1-1 
-820-  
2 . 2  DIAND Labora to ry  Y e l l o w k n i f e  
Heavy Meta ls  Water R e p r o d u c i b i l i t y  
TO : M. Kal  i n ,  l n s t i  t u t e  f o r  Environment Stud ies,  U n i v e r s i t y  o f  Toronto 
FROM: R. Soniassy, Superv iso r  P o l l u t i o n  Con t ro l ,  Water Resources D i v i s i o n  
Government o f  Canada 
SUBJ : AD HOC Committee on Rad ioac t i ve  Wastes - P o r t  Radium and Rayrock 
On September 13, 1983 t he  r e s u l t s  o f  r a d i o n u c l i d e  a n a l y s i s  (Lead 210,  
Radium 226 and Uranium), on 31 wate r  and 2 3  sedimen 
Radium and Rayrock, were sen t  t o  you. 
I am now sending you the  r e s u l t s  o f  heavy metal  ana 
samples (46 f rom P o r t  Radium and 24  f r o m  Rayrock). 
samples f rom Por 
y s i s  on 70 water  
The r e s u l t s  a r e  
shown i n  Table 1 ,  1 co r r t ' d  and 2 .  The l a b o r a t o r y  q u a l i t y  c o n t r o l  
program i s  shown i n  Table 3. 
Heavy meta l  a n a l y s i s  on 23 sediment samples ( 1 1  from Rayrock and 12 from 
Port  Radium) remain t o  be completed t o  complete the  a n a l y t i c a l  component 
o f  t h i s  p r o j e c t .  
Note:  One t a b l e  was p rov ided  f o r  r e p r o d u c i b i l i t y  o f  water  a n a l y s i s .  
F u r t h e r  d e t a i l s  can be o b t a i n e d  from R. Roniassy, DIAND Labora to ry ,  
Ye1 lowkni fe .  
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- -  2 . 2  Heavy Metals DIAND Labora tory ,  Yel lowknife  
Table Results of LaboIzltoIy QualiQ Control -0. 
- 
HEAVY METALS (pgA) 
SAMPLEDESCRIPTION As Cd Cu Fe Pb Ni Zn Co 
4 Cobalt Channel Mid < 1  <0.05 < 1  68 0.5 < 1  31 < 1  
(flted) 
4(xepl)CobaltChannel < 1  <0.05 < 1  60 0.5 < l  37 < 1  
M id (NW) 
4(lep2)CobaltChanrsl < 1  <0.05 < 1  63 0.5 < l  38 < 1  
M id (filtered) 
6 Labine Eay Outer < 1 <0.05 2.1 42 0.4 < 1 37 < 1 
(Unfil-1 
6 (xwp 1) Labiie Bay < 1  <0.05 < 1  40 0.4 < l  39 < 1  
Outer (unfilte38d) 
6 (rep 2) L a b i i  Ray < 1  ~ 0 . 0 5  < l  45 0.3 < 1  37 < l  
Outer (um?bred) 
32 V-notch Seqege 20 <0.05 5 480 1.5 36 17 6.8 
(m-1 
32 (rep 1) v-notch 18 <0.05 6 470 1.5 36 16 6.8 
&ewe (mtiltered) 
32 (rep 2) v-notch 16 <0.05 7 480 1.5 36 15 6.8 
Seeptge (mtiltert?d) 
SGarbaguLalae12,#4 300 0.08 14.4 3,400 4.3 72 32 32 
%(rep 1) G w t a k e  300 <0.05 19.4 3,500 42 74 34 32 
36 (rep2) C m e  Lake 290 <0.05 13.4 3.400 4.9 ?7 32 31 
(unfilterea) 
12, # 4  (m-1 
12, # 4  (Unfil-1 
Limit of D dedian < 1  <o.m c1  < 5  < O . l  < l  < 5  ( 1  
Wplicate analysis of water samples, Edm Bay M ines, 
Port Radium, sampled July 1983. 
NOTE: One t ab le  w a s  provided f o r  r e p r o d u c a b i l i t y  of  water 
a n a l y s i s .  F u r t h e r  d e t a i l s  can be o b t a i n e d  from R. 
Son ia s sy ,  DIAND Laboratory,  Yellowknife.  
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DIAND Laboratory Ye l lowkn i fe  
TO : M. Ka l i n ,  I n s t i t u t e  f o r  Environmental Studies, U n i v e r s i t y  o f  
FROM: R. Soniassy, Superv isor  P o l l u t i o n  Cont ro l ,  Water Resources D 
Government o f  Canada 
To ron t o  
v i s i o n  
SUBJ: Heavy Metal Ana lys is :  Po r t  Radium & Rayrock 
I am enc los ing  the  r e s u l t s  o f  heavy metal ana lys i s  on the  sediment and 
t a i l i n g s  samples from Rayrock and Por t  Radium (Tables 1 and 2) .  A l l  
r e s u l t s  are expressed on the d r y  mat ter .  
The q u a l i t y  c o n t r o l  data f o r  As, Cd, Cu, Fe, Pb, Zn and Co are  shown 
as Rep 1 and Rep 2 i n  Tables 1 and 2. The q u a l i t y  c o n t r o l  data f o r  Hg 
i s  shown i n  the  foo tno te  i n  Table 2. 
I t r i e d  t o  send these data by DEX but  the  U n i v e r s i t y  o f  Toronto does 
no t  have a u n i t  compatible i n t o  ours. I f  there  a r e  any quest ions on 
these r e s u l t s ,  please phone me a t  (403) 920-8243. 
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HEAVY METALS SOLIDS REPRODUCIBILITY 
SAMPLE D E S C R I P T I O N  
S i l v e r  P t .  T a i l i n g s ,  
Coarse Mid. Cut 
S i l v e r  P t .  Tai  1 ings,  
Coarse Mid. Cut, Rep 1 
S i l v e r  P t .  T a i l i n g s ,  
Coarse Mid. Cut, Rep 2 
West A d i t  Nor th ,  
Mid. Coarse 
West Adi t Nor th ,  
Mid. Coarse, Rep 1 
West Adi t Nor th ,  
Mid. Coarse, Rep 2 
P2, Bottom 
P2,  Bottom, Rep 1 
P2, Bottom, Rep 2 
Lake Alpha, Sediments 
Lake Alpha, Sediments, Rep 1 
Lake Alpha, Sediments, Rep 2 
HEAVY METALS (mg/kg) 
As Cd cu Fe Pb Hg Zn co 
,135 0.8 4,180 
,249 0.8 4,600 
,044 0.9 4,690 
,889 2,67 7,490 
,542 2,84 7,320 
810 2.82 7,220 
18.1 0.18 53 
17.6 0.17 54 
18.0 0.18 55 
33.6 0.26 125 
33.8 0.22 126 
30.0 0.22 127 
41,400 
43,030 
37,880 
46 , 330 
49,160 
42,310 
23,410 
24 , 890 
20,590 
32,440 
38,120 
38,220 
1,263 2.6 
1,261 
1,309 
719 0.8 
72 7 
7 47 
6.1 0.05 
5.9 
6.1 
8.4 0.12 
9.2 
8.9 
82 6 
832 
84 1 
1,820 
2,130 
1,700 
296 
278 
30 4 
247 
252 
250 
26 1 
208 
2 37 
2,155 
1,764 
1,482 
11.6 
10.5 
10.7 
14.3 
16.9 
19.9 
MERCURY ANALYSIS QUALITY CONTROL DATA 
Standard R i v e r  Sediment quoted t o  c o n t a i n  1.1 5 0.5 mg/kg mercury 
was analyzed a t  1.2, 0.91, 0.78, 1.1, 0.81, 0.76, 0.78 and 1.0 mg/kg 
mercury. 
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S E C T I O N  E 3 :  pH, C O N D U C T I V I T Y  A N D  C O N V E R S I O N S  
3 . 1  D i a n d  Labora to ry ,  Ye1 l o w k n i f e  
- ------ -- - 
T ablc Q d i t y  m n h l  for pH and cprdudivity d sediments. 
----- --___--- --- _______-- ---- --- 
ONE HOUR THREE HOURS FIVE HOURS 24 HOURS 
AFTER MIXING AFTER MIXING AFTEH MIXING AFTER blIXING 
PH c o d .  $3 C o d  pH Cond PH C and 
-- --- ----- SAMPLE ---- 
at 25 OC at 25 O C  at 25 'C at 25 OC 
P-d- pmhos/an cL-/ p"hos/m 
~~ 
Conductivity - - - 1378 - 1462 1497 
standard 
Frcsh am- 1443 - 1420 - 1623 - 1435 
dudivity 
standard 
Blank 5.72 1.3 5.02 1.3 5.59 1.5 5.69 1.6 
FlashSolnB 6.91 6.89 323 6.88 3;2 7.02, 323 
Soh B1 6.87 3 15 6.81 324 6.89 322 7.05, 331 
Soh B2 6.89 309 6.89 325 6.88 323 7.07, 318 
- -- -- 
BUFFER pH READINGS 
---- -- -- ~- - - 
pH BUFFER ONE HOUR THREE HOUR FIVE HOUR 24 HOUR 
10.4 10.4 10.28+ 10.12+ 10.3, 
7.0 7.01 7.02 7.0 7.22, 
4.0 3.99 3.99 3.98 3.88, 
_-_--__--- ---I_-  -- 
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pH and oonductivity of sediments in Raymdc 
---- 
I - - -- 
SAMPLING ONE HOUR THREE HOURS FIVE HOURS 24 HOURS 
STATIONS AFTER MIXING AFTER MIXING AFTER MIXING AFTER M I X I N G  
- - 
cond cond cond. Cond. 
\umber Area pH at25"C pH a t 2 5 " C  pH a t 2 5 " C  pH a t25 "C  
(Pmhas/ars b-/=) olmhos/an) ( c u n h o s h )  
- ~ -  -- 
1T1 P1 4.2 210 4.1 240 4.2 270 4.1 340 
1TZ €%surf 6.0 250 6.1 320 6.2 350 6.6 400 
1T2 P2 middle 5.0 770 6.0 910 5.0 920 5.0 loo0 
1T2 p2 bottom 5.7 240 5.6 260 5.6 270 5.7 310 
1T3 P3 5.6 54 5.6 62 5.7 61 6.0 81 
1T4 P4 4.5 600 4.5 670 4.5 69c) 4.5 800 
1T6 CZ 6.0 97 6.1 110 6.1 120 6.3 140 
1T8 surf- 
f?nclust+ 4.4 13,000 4.3 13,000 4.2 13,000 4.1 14,000 
4T1 Lake Alpha 5.2 790 5.1 920 5.1 980 5.2 1100 
ZOlS Conhl 
soil 6.6 97 6.5 94 6.5 100 6.6 130 
IT7 C3 6.0 93 6.0 100 6.1 110 6.2 120 
T25 g sediment + 150 ml deionized distilled water used for tkis sample 
50 g sediment + 150 ml deionized distilled water used for all other samples 
B -24b- 
T - 
pH and conductvi~ of sedimmta in Port Radium - -- 
SAMPLING ONE HOUR THREE HOURS FIVE HOURS 24 HOURS 
STATIONS AFTER MIXING AFTER MIXING AFTER MIXING AFTEH MIXING 
-- - 
pH C d  pH Cond pH C o d  pH ConcL 
Vumba A m  at25 O C  at25 O C  at25 "C d25 "C 
h-4n-J) ol-bd olmhos/lin3 o lmhasw  
JT l2  Rvfile # 1  4.4 650 44 890 4.4 1100 4.4 1100 
jrl0 hf i l e  # Z  - 4.3 4200 43 4100 4.3 3800 4.3 3800 
- 
t3r4 SivaPoint 8.0 610 7.9 830 7.8 680 8.0 760 
BT7 hf i le  #3 5.2 7mo 5.4 6500 5.4 6400 5.6 6OOO - .  
- 
aTll Profile64 . 3.8 4100 3 8  4OOO 3.8 39aI 3.8 3700 
- 
3T13 W e s t A d i t ,  - -6.9 980 as 1100 6.8 1100 7.2 1300 
1T15 #3 G a ~ t ~ g e  -8.5 8#) 6.2 740 8.3 830 8.4 850 
b 5  Coarse middle d 8.3 970 a3 1100 8.3 1100 8.3 1200 
3.8 3500 3.8 3700 3.8 3700 3.8 3800 
# 1 G"f"g" ' -7.9 1100 7.9 1 loo 6.0 1300 
- 
Murphy w 8.8 170 a8 180 8.7 190 8.7 220 
~SE LaBine b y  ; .-7.3 130 7.2 150 72  1M 7.4 190 
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SECTION B 3 :  pH, CONDUCTIVITY AND CONVERSIONS 
3.2 U n i v e r s i t y  of Toronto ,  I . E . S . :  M. Ka l i n  sou rce  
The d e t e r m i n a t i o n  of wet / so l id  r a t i o  for  measurement of pH and 
c o n d u c t i v i t y  i s  r e q u i r e d  t o  a s c e r t a i n  c o m p a r a b i l i t y  of t h e  
mater ia l  t o  other t a i l i n g s .  Repeated measurements ( 3 0  min and 
2 4  h )  i n d i c a t e  t h e  r e l i a b i l i t y  of t h e  v a l u e .  These l a b o r a t o r y  
d e t e r m i n a t i o n s  are used t o  e v a l u a t e  t h e  f i e l d  r e s u l t s .  
- -  -
S l u r r y  Rat ios  L iqu id /So l id  for  pH and c o n d u c t i v i t y  measurements 
f o r  West A d i t  Material 
p H  measurements ( s i t e  9T2 and 9T6)  
7 
I6 
Q5 
‘E 4 C 
O3If 2 
1:2 1:3 1:4 1:5 1 :6 1.5:l 1 :1 
8 
7 
6 
I 
a 5  
1 4  
x3 
2 
1.5:l 1:l 1:2 1 :3 1:4 1: 5 1:6 
Slurry Ratios 
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conductivity measurements (site 9T2 and 9T6) 
0 
m 0 
I I I 1 1 i 
1 5 1  1:l 1: 2 1: 3 1:4 1: 5 1:6 
3000 - 
r 
> 
I 
-0 
C 4 
- .- 
= v 2000, 
c3 1000- 
L 
-cT 
1 5 1  1 :1 1:2 1:3 1 :4 1 :5 1:6 
Slurry Ratios 
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Table : C m d o n  d -210 and Re226 fnnn to pC/ aud U born 
d b d -  
- 
SRC STATION RP2lO R & W  URANIUM 
CODE SITE w pc/ %A Pa 4 - 
55M) 
5537 
5521 
5573 
5532 
5520 
5539 
5526 
5529 
5527 
5528 
5525 
5522 
5535 
5536 
5530 
5531 
5534 
5524 
5523 
1w (Ell* 
1W Oe 13' 
m m *  
zwm* 
3wm* 
3w 04* 
4w a? 
mOe* 
5w w* 
sw 11* 
5w 12* 
5w 19* 
5W 140 
6W 01- 
mo1* 
9w 01, 
9w 02* 
13w 02. 
K 03W 010 
K04W 01. 
0.04 
0.05 
0.11 
< aae 
0.10 
0.45 
0.25 
< 0.02 
0.02 
0.08 
0.40 
0.35 
0.05 
0.14 
1.Q 
1.9 
0.30 
0.04 
0.25 
0.35 
1.08 
1.35 
2.m 
c 0.64 
2.70 
12.16 
6.76 
< 0.54 
0.54 
2.16 
10.81 
9.46 
1.35 
3.78 
51.36 
51.36 
8D 
1.08 
6.76 
9.45 
0.02 
0.m 
0.01 
0.01 
0.0 1 
0.01 
< 0.005 
0.01 
0.m 
0.01 
0.01 
0.11 
0.01 
0.40 
3.0 
0.40 
0.01 
0.11 
< 0.006 
0.01 
1.09 
1.89 
0.27 
0.21 
0.27 
0.27 
< 0.14 
0.n 
0.54 
0.27 
0.27 
2.81 
0.m 
10.81 
81.09 
10.81 
0.27 
2.81 
< 0.14 
0.27 
61* 9 
m* 10 
0.6* 0.2 
Cl* 0.9 
0.8r 0.2 
l.O* 0.2 
3.7* 0.8 
1.3* 0.2 
8.4* 1.0 
3.Zrt 0.1 
1.9* 0.2 
15* 1 
1.6* 0.2 
4200 
5800 
351* 8B 
1.4* 0.2 
5.5* 0.9 
1.3* 0.2 
i.6* a2 
.061* .m 
.oBw .10 
.otxE* O.OOM 
O.W41* O.ooo9 
o.OOof3* 0.- 
0.001* 0.m2 
0.003% 0.0009 
0.0013* 0.0002 
o . m *  0.001 
0.0032* 0.m1 
0.0019* 0.0002 
0.015* 0.001 
0.0016rt O.oM32 
4.2 
5.8 
0.351* 0.088 
0.0014rt 0.oOaZ 
o . m *  o.ooo9 
0.0013* 0.OoM 
0.0016* 0.oOaZ 
.... 
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Table : Convgsion of Re226 end Pb-210 h m  Bq,4 to pCi/l and U hmpgh to 4. 
SRC SAMPLE STATION/ Pb-2 10 Re226 L-RANIUM 
CODE CODE SITE+ w Pa & Fa pgh rrgA 
5509 
55 10 
5511 
55 12 
56 13 
56 14 
56 15 
56 16 
56 17 
55 18 
5619 
4w 1 
4W 1 
1%' 1 
f3W1 
6W1 
6W2 
m2 
gW1 
5 W 1  
3W1 
KO1W 
Lake 
Alpha 
water 
Lake 
Alpha bot- 
tom water 
C& 
Alpha 
Water 
Mill Lake 
W* 
Sherman4 
Water  
shelmm 
14 water 
LakeA 
mid Station 
water 
LakeB 
W* 
LakeBeta 
Water 
Lake 
GtXIUIla 
Water 
Contml 
Lakewata 
0.05 
0.90 
1.1 
0.10 
0.55 
0.08 
0.03 
< 0.m 
0.25 
0.20 
0.07 
1.35 
24.33 
29.73 
270 
14.87 
1.82 
0.8 1 
c a54 
6.76 
5.41 
1.89 
0.40 
0.M 
3.0 
0.45 
0.W 
0.01 
0.04 
0.01 
0.40 
40 
0.04 
10.8 1 
iaa 
a 1.09 
12.16 
0.54 
0.27 
1.08 
0.27 
10.81 
108.12 
1.08 
4.7* 0.9 
49* 0.8 
XI* 1.0 
330* e2 
1.2* 0.2 
3.9* 0.9 
o.?* a2 
- 
7.7f 0.9 
11* 1 
L2* 0.2 
0.0047 
0.0049* o.ooo9 
o m *  0.001 
o m *  0.082 
0.0012* 0 . m 2  
a m *  o.ooo9 
O.o007* o.ooo2 
- 
o . m *  o.ooo9 
0.01& 0.001 
o*oolz* 0.m2 
- ~ 2 9 -  
Table : Camasion of RsZE6 and -210 for port Rarfium tailiqp 
SRC SAMPLE SITE pb-210 PlrZ10  R e 2 2 8  R~228 
CODE CODE DESCRIPTION Bql% pci/g Bal% Pc49 
~ 
5551 8T4 SilverRautailiqp(wak 2 0  54.06 2 5  67.58 
logged) 
5552 8T5 SilvaFblEtteiling;s 0.18 4.87 0.m 18.92 
(0081~ middle at) 
5553 9T9 Plofilenl 
5554 BT10 hflle#2(topaoarse) 30 810.9 30 810.9 
5555 m10 ht3le#2(peat) 12 324.36 14 378.42 
5556 W I I  hflle#3(topmerse) 26 676.75 25 675.75 
5657 9T 12 Apflle # 4 (bp  mame) 26 67575 30 810.9 
5558 m13 WestAdit(middleaoarse) 25 675.75 30 810.9 
5559 1T5 Grab 0.9 24.3 2.0 5206 
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Table : Cornersion of Re228 and -210 from to pCi/l. I 
I SRC SAMPLE SI'A TION / Pb-210 CODE CODE SITE Bei PCP Bs PCP 
ZTl PlGcrrrma(Anesuxf-) 110 2913 l20 32441 
1T2 P2 middle 18 487 14 378 I I 
1T2 p2 bottom o m  8.0 0.25 7 I 
1T3 p3 1ocm 12 325 12 324 I 
5545 1T4 P4 wrrfaoe 3 5 9 4 8 3 5 9 4 8  
6648 ZT8 CZ!CiannraSUfach 13 361 14 378 
5647 1T8 SuIfeceenaUstmentin 20 M1 20 540 
2nd ciwlarge 
5548 4T 1 LakeAipbasedimenta 0.30 a 1  0.75 20 
5649 201s  Control Soil 1 0.12 32 0.01 0.m 
5650 1T7 c3 30 811 25 6?6 
3 . 3  EPS Labora tory  
Methods f o r  Water 
La bo ra  t o  r y  
Pa r a m  t e  r 
Methods 
Ref e ren ce 
Laboratory 
Parameter 
Methods 
Reference 
La bo r a  t o  r y  
Parameter 
Methods 
Reference 
Samples were d r i e d  and 
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Envi ronmental P ro tec t  ion Service, Edmonton 
Arsenic 
H202:HN03 d i g e s t i o n ;  a d d i t i o n  o f  n i c k e l  n i t r a t e  
s o l u t i o n  and atomic absorpt ion (graph i te  furnace) 
determi nat  ion. 
U.S. EPA Manual o f  Methods f o r  Chemical Ana lys is  
o f  Water and Wastewater, 1976. 
Environmental P r o t e c t i o n  Service, Edmonton 
Mercury 
H2S04:HN03:KMn04:K2S203 d iges t  ion fo l lowed by c o l d  
vapour atomic absorp t ion  determinat ion. 
U.S. EPS Manual o f  Methods f o r  Chemical Analys is  
o f  Water and Wastewater, 1976. 
Environmental P ro tec t i on  Service, Edmonton 
N icke l ,  copper, z inc ,  cadmium, coba l t ,  i r o n ,  
magnesium, manganese. 
NH03:HCl d i g e s t i o n  fo l lowed by atomic adsorpt ion 
de t e  r m i  na t i on. 
U.S. EPS Manual of Methods f o r  Chemical Analys is  
o f  Water and Wastewater, 1976. 
digested according t o  methods described i n :  
In land Waters D i rec to ra te  (Envi ronment Canada). 1979. Ana ly t i ca l  Methods Manual. 
Water Qua1 i t y  Branch, Bur l  ington, Ontar io.  (unpublished) 
Analys is  was c a r r i e d  out  as o u t l i n e d  above, f o r  water. 
J 
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EVALUATION OF ACID PRODUCTION POTENTIALS O F  
URANIUM TAILINGS SAMPLES SUBMITTED BY EPS - 
YELLOWKNIFE. 
4.1 B C R ~ D i v i s i c m d E x t r a c t i e e M e k ~ d l ~  
O w -  
re&ved fromthe Envhnrr~?ntal htection Sexvice, Yellowknife h& 
Ba- Many~natmds * that contain sulphur d sulphide && cepl be oxidized 
miuabiologically to sulphuric arid end soluble metal sulphate dts by the leeching bazkium 
79&bu&m@nmzi&m This phenomenon can result in a potential w a k  pollution h a z d  if 
the munt  of dphuric acid which the bactgia produce exceeds the neutdizing cap i ty  of the 
hostrodc Ifthisisthecase, add icdmimgewakwi l loaxn;  wbichrmyalsosolubilizeheavy 
ITEMS which wuld be toxic to quatic flora and famain  the m BC R d  has developed 
a bepaat test which allows prediction of the add pro- potential of a Paptiarlarr sample 
(Appendix 1). This test has been used to d y z e  eight tailings samples d v e d  fmm EPS - 
Y ellmknife. 
To determine the add pmdudion potentials of eight uxanimn Wings 8BTzlples 
A number of wet hilings prlp 92oTlples w e  received from Y e.llmhife and the Univemity 
of Tomnto on Deoember8 d 9,1983. These e e a  hadbeen labelled 88 fdlaws: 
BCR# SAMPLE DESCRIFTION SOURCE 
1 
2 
3 
4 
5 
6 
?a 
7b 
8 
PR-5S13 
PR Profile #3.4 
Top wane t ahgs  
PR-3s 
Labiie Bay 534 
RR-P 1 G ~TXYXL Fines slnfa~e 
RR-P2 G a m ~ ~ ~ a S W a c e  
w om ro 1 PQ s~ufaoe 
W OSOT02 10 an 
Silver %it Tailings 
Yellowknife 
Yellowknife 
Yellowknife 
U o f T  
Yellowknife 
Yellowknife 
U o f T  
U o f T  
Yellowknife 
Each pulp sample wcls dried ek 60 “C aud d e d  thomugHy b homgenize. A t  the 
request of M argmte Kalin of the University of Tomnb, sipnpzes # 7a and # 7b w m  combined 
into a cxlmposite saMple designated ‘P4rGamma Compode’. Therefom a tptal of eight samples 
were tested for their xid production potential. 
The mts of the e d  pxiuction potential tests have mded that the PR-S ,  Labine 
Bay 554, RR-Pl-GarnmaFines Surface and Slver Point hilings samples are nonacid papducem. 
The remaining samples, i.e. PR-5S13, PR Pmfile # 3, &top ooawe teilings, RR-P2-Garnrna 
SUIfaDe md P4- G amma C ompoite have all been clasified as potentially w d d y  ecid producing. 
Titzaticm Tests: The results of the t i w o n  tests am summa&& in Table 1. saanples # 3,4, 
5 and 8 all d d y  consumed subshtially mom add than could theoretidy be m u a d  
Thedore. these samples did not require the confirmadian tests 
Samples # 1 and 2 COrlSUTned significantly less acid t h a ~  muld theoretically be pmdued. 
These samples re* the wnfhmation test 
-834- 
Smples # S  and 7 exhibited averg low d only slightly excess a id  amsumbg ability 
over acid pmducing ability, and wexe dadid as *maqinaV c~ses The~efore, these samples 
undement the canflnmtion kit 
Caofimrmtim T d z  The confirmation test d t a  a p ~  - lin Table 2 The samples 
nequired acid additions over atwo to five day period to a h i n  test pH's optimumfor hiochemi- 
d dphih  oxidation, &which time eacfi test was inaculatedwith eo d i v e  culture ot i? $a- 
m- A s  sulghide oxidation o[I1utred, pH's deaeased apld evenWy stabilized during 
periods mnging from &me to 20 days A t  this pint the tests k v e d  further incremental 
additions of sample and, after 72 hours, the final pH values, which indicate the add pmdudng 
t-spability of the sat@% wem recorded 
The end-pH values mnged from 265 to 3.48 BC R m  dzx&ies samples with  final 
pH's lower than 2.0 as p0tmtiaUy shngly aid pmdudng, pH's between 20 and 2 5  as 
mod& add producers, and pH's between 2.5 and 35 as weak add pdu-  Based on this 
arbitmy soale, aLl four tailings SBLnpleS were dsssified as potentially wealdy add producing. 
DiScxlssiCNl 
The d t s  of the add pmduction potential testa have revealed that the PR-3SI Labiie 
Bay 554. RR-P1-Gamma Fines Surfaoe and Silver Point M i q s  SBLIIpLes are nonadd ~O~LI-  
Any localized pid produdion w i l l  most lilaely be neuk&zd - w - w -  * The 
PR-5S13, PR h f i l e  # 3, &top - tailings, RR-F%-Ga~rrma d a c e  and F4-Gaanma Compo- 
site samgiea have all been dedfied as potentially w&y md pducing. M&al of these 
types may genaate zlridic effluents if left exposed to sufficient ajr and water to support biologi- 
dgmwtk 
W e emphasize that the foregoing tests, per€onned under mnditions ideal for biological 
activity, do not address rates of add prr>duction or add mnsumption expeded under actual con- 
ditions of w i n g s  dL!posal, 
-835- 
1 1 
Bs3 MurphyI3a.y 0.80 24.5 9.31 16.7 yes 
m11 W gt A dit 1.76 53.9 5.38 10.1 Y e  
sedirmnt 
suriace 
c o m  
1S5 Garbage 1.06 32.4 8.82 167.8 no 
3% LabineBay 1.07 32.7 8.01 81.3 no 
Yr5 SihrerPOint  0.92 28.2 8.64 109.8 I10 
Lake 
sediment 
Tailinqs 
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B.C. RESEARCH APPENDIX I 
TEST PROCEDURES FOR EVALUATING ACID 
PRODUCTION POTENTIAL OF ORE AND WASTE ROCK. 
Imtial Test ( C h m i d )  
Saqltx The sample must be taken in such amannerthatit is truly-btive of the type 
of Iliinaalization being examind A composite conding of @it drill am or randomly 
sel& grab samples should be s&d&ry. The number of samples to be d e d  wi l l  
depend on the vatiability of the m i n m o n  and mud be. left to the disaetion of the geolo- 
gist. The bulk sample is aushed to a size whid  can be mnveniently hadled (i.a -5 an). 
thomughly mixed, and coned and quathxd b obtain a mpsentative 1 kg sixq.de. This sam 
~eisthmbdmilledtopsssa4OOmeshnreen, &iedd6O0C,  disusedforsulfurmssjy, the 
tiwon test and if neQssaay the wnfirmafion test 
A- 
The acid pl.oduction potential of the sxnple, 
per bnne of stmple, is calculatd on the basis of the total sulfur-. 
TihtimTartr D u p I i d e  10 g portions of the bllmilled m e  are suqendedin 100 ml 
of distilled wsterandatirredfor q p d m d e l y  15 minutes The mtud pH of the sample 
is recorded. The sample is then t ibkdto pH 55with 1.0 N suVuricaddon arediameter 
nubmatic titmbr. The testis mntinued until less than 0.1 ml of acidis addedovera4h 
period The total volunre of acid added is nxmded and amve&?d to kg pertorme of s ~ m  
ple. This is the acid-mnsuming abiity of the we, i.e. add-cumambg ability 
The tAlmilledsapTple is amayed in duplicate fortotal sulfurin aLeoo futnaca 
as kilogmn (kg) of sulfmic add 
: 
or for a 10 g sample 
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Intapdn- If the aid OonmumpKon vdue (in kg of add pa borne of zmmple) exweds the 
acid-pmducing potential (kg pa borne), the sample will not be n s~m of add mine chinage 
md no edditional work is ne(EssBny. If the add consumption is less than the acid produdion 
phtial, the posdility of aid mine wster pdudion exists and the ConfirZIlBdion test is am- 
&c&d The SBPrnple is titrat& b a pH of 3.5 and no lower bemuse of the possibility of growth 
of the arid-genexating bdmium Tlabbacahs$m~ox&m at pHs below 3.5. 
C d m d i m T e s t ( B i ~ d )  
ShaLdiask L m  Test: D ~ q d m t e  30 g portions (or a d e r  amount if the sulfide con- 
tent exceeds 2 percent) axe p l d  in 250 ml M t ~ ~  flasks with r r ~ ~  of a nubient 
medium containing 3 gd (NJY&SO 4 0.10 g/l KC1; 0.50 gA K&IU4; 0.50 g/l Mfl4* 7H& 
0.01 B/3 Ca(NO& SufWmt d h n c  acid is d d d  (either 12 or 38 N) to bring the pH to 2.5. 
The flasks are shaken for approxirnakly 4 h during which the pE should be betwean 2 5  and 
26. If necesszy additional mid is added until the pH remains in that q. The flasks are 
inoculakd with 5 ml of an d i v e  ThbbaciEu~Jlirnoozi&rm cultura The weight of the flasks and 
oontents tm mxxded and the f l a k  are cspped with a loose cotton plug and inarbzlted at 35 "C 
on agyratory shaker. 
Before monksring or the eqerimental leaoh flasks, distilled or deionized water is 
addsd to rrplem thd lo& by wopodion The pH c u d  amcantadion of m didved metal (e.g. 
iron c w p r  or zinc, if m d e )  ~ e 8  monitionid for the firat threa to ananam that the pH 
XESXI&X below 2.8 T h e ,  the pH La xeamied e v q  eecond day until miapbaological 
activity has m d  (es evidenoed by a Steery pH or dissolved rnetal concentdim) or until the 
pH drops to 1.8. 
W h e n  mimbiologbl d v i w  has axed, hid€ the weight of feed omally used is added (15 
g), the i9askis &aken €or 24 h Bad the pH is mrded. If the pH isgreatertban 3.5, the testis 
tmmhabd I f i t i s 3 . 5 o r l e s e s h e l f U l e ~ t o f f e e d ( 1 5 g ) i s ~ ~ a d d e d a n d t h e f l a s k i s  
dmken for24 h. If the pH is less than 95 orgmtmthan4, the testis termi- Otherwise, 
the sampIe is shaken for an aMitional48 h and the final pH is mcoded. 
Inbergretatian 
The object of this test is to deterrmn * e if the sulfideoxidizing bactaia can g e n d  enough sul- 
furic acid fmm the sulfides present to saWy the add demand of the sample. Experience has 
shown that not all sulfide niryenals rn atIEnable to microbiologiaal a k k k  nor do they all oxi- 
dize mmpktelys so that the a d  production potential indicated by the sulfur assdy may be 
excesdve. I€ the b a a  me rat^ the aid, mimbiologioal d o n  will continue on a self- 
sustearung basis once it bemmee established, and eddic mine waterwill result. In this test., the . -  
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add demand is satisfied initidly by d d h g  sulfuric add This parnits the M a  to gen- 
the maodmum amount of sulfuric add fmm the sample concerned. Once mimbiological action 
has ceased, half the original semple weight is added If  the^^ has not been suf'Ficient a i d  p 
dudion, the pH will a p ~ m d  the nzduzal pH of the sample (Le. abwe pH 3.5) and the sample 
i s ~ ~ ~ a s n o t b e i n g a p o t e n t i a l s r o ~ o f a d d m i n e w ~ .  IfthepHlanainsat35or 
below, the remainder of the sample is added and the saanple is shaken for up to '72 h before 
measuxing the final pH. If the pH is still in the leaching mnge, i.e pH 3.5 or below, then? is a 
h n g  possibility that n&ud leaching will OCQII' and acid mine drainage wi l l  be pduced. If 
the pH is above 3.5, there is no posibiity of add mine dminage 00CuITing. 
If the sample pmduces excess addity, thm is the possibiity of metal recovery by rnimbiologi- 
d leading. A me- of this pohtial aan be obtained by edirmhg the prodage of the 
contained metal which has been solubilized during the 1- test. Under such cir 
aunstanceS, it may be d a l e  to pmote  mimbiological action as a means of lecovering 
valuahle metab from a waste mahid. In such a spbm, suitable pnxxmtions must be taken to 
F e n t  the metal and edd-rich 1ed1 wakm fmm en- the natanal dminage syskn of the 
mmdjngarea 
A degree of d o n  must be exemked in edqol- the test results to mamw samples. 
Both the available surf= areaend the armuntof exposeds~Mdeswill be leducedleading to a 
reduction in both the ixid consumption and the potential acid pmduction. Expexience has 
shown that genedy relatively mre gangue than sulfides is exposed at the mer parti.de sizes, 
although this may not always by the me.  
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Ma.ioi- t e r - r r c , t r . i a l  p l a m t s  a s r ; c x i a t e d  w i  t . t l  waste 
m a t e r - i  al i n  p o r t  Radium c o n t  ' d . .  ....................... C 2 7  
Ma.jot- t e t - t - e s t t - i  a1 p l a n t s  associated w i t h  w a s t e  
m a t e r i a l .  i n  P o r t  Radium cont"d ......................... (-28 
V . i f  t,y.~.-Eoi.\r 501 i d  sarrip3.e.i wer'e a r i a l y z r d  by neutt-on a r t i va t . i n r i  
a t  t h c ?  S1.nwpnke f a c i l i t y  at t.he U n i v e r s i t y  0.f ' loronto f o r  I J ,  La, 
tfig, P h ,  b y ,  Ba, I d a ,  V a ,  Lo, Cil a.nd 1;l .) A c l u s t e r  anal y s i  E was 
used t o  determine whether t.he obvious d i+ fe rences  i.n pki and Ha-- 
a1 so evicjent .+rorn el etnent:al concent ra t ion  d i  + f  er-ences determined 
ti 11 n ecr t t- nri ac: tr i vat. 1. on . 
226 arid t:*b -...'. ~ 1 0  8 concent ra t ions  between t h e  waste m a t e r i a . 1 ~  are  
When t h ree  main cluster-s a re  considered, two major groups 
a re  d iC fe ren t i a t ed  w h i l e  t he  t h i r d  c l u s t e r  i s  comprised of a 
s i n g l e  Garbage Lake sample. Murphy C r e e k  and Bay a re  i n  t h e  same 
c l u s t e r  as t he  ma te r i a l s  from West Ad i t .  When t h e  samples are  
c l us te red  i n t u  f ou r  groups, West Ad i t  , Murphy Creek and Murphy 
Bay a r e  genera l l y  mare c l o s e l y  r e l a t e d  i n  elemental composit ion 
to t he  sediment samples in LaHine Bay and Cobal t  Channel t h a t  
t o  t he  mate r ia l  i n  Garbage Lake , Murphy Lake and t he  S i l v e r  
Poi  n t  t a i  1 i r-qs. 
C l u s t e r i n g  or1 t h e  f i + t . h  l e v e l  separates t he  l oca t i ons  
- f u r - t . h e i - .  in to  Murphy Creel::, West Adi t , Sediments , Gar-baqe Lake 
and those 0.f  Murphy Lake and f i na l  l y d i  f f e ren t  i ates  the ntater i a1 
f r -um S i  1ver- point:.. 'lhese wastes on t h e  va r ious  l oca t i ons  are  
t h ~ ! s  no t  on1.y d i + f e r e n t  i n  t h e i r  r ad i onuc l i de  concentrat ions,  pH 
and physica.1 chat-acter-istics,  but. %he i r  d i f f e r e n t  o r i g i n  i s  a l s o  
expressed j n the i r  elemental composition. 
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Cntol: C:iamrI qedimcnts subwrqed 
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C i l v e r  Po in t  f i n e s  subsurface 
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l'dr?Cv Lake coarse subsurface 
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Bear Creek orab sur face 
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rHurphy Lake f i nes  subsurface I 
'-[Garbage Lake f i n e s  submerged 
Labine B Middle 
O u k  
LaMneBInner 
Middle 
LaMMB(aDuth) 
rn€a&d 
cobalt Island 
l o c m d o f  
cobdt Island 
cobdt Charmd 
W d B e a r B q  
3Yntml (no*) 
Eontrol (south) 
Y318 
k b g e  Lake # 1 
hrbgeLake#2 
3ar;bageLake#3 
3arbageLakeR4 
22 1.9 
a5 98 
129 4.4 
12.8 4.5 
22 2.0 
22 22 
25 24 
23 2.3 
90 3.4 
21 21 
20 2.0 
23 22 
19.0 4.5 
19.0 4.5 
19.0 4.0 
18.7 4.8 
aaiapS I t 8  11.8 
tobob 
tom 
bdtom 122 4.7 
to- 
f a x  
bottom 192 128 
t0S.P 
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batbDm 133 lee 
to- 
fme 
nrne 132 13 
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1e4 12.2 
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m x ~  137 193 
~ l ~ l c  13 l29 
nrnm? 134 192 
none 128 124 
b&om 120 8.2 
t o e  
faDe 
bottom la8 8.8 
tam 
fm 
bads  ias 7.0 
middle 
bottom lL'7 9.7 
t 0 S P  
faoe 
15m 
Qm 
5.5 
5 
8 
15 
15 
10 
3 
15 
2 
15 
8 
7 
11 
8 
- 
5 
5.3 
5.3 
6 
21 
- 
- 
- 
- 
4.0 
3.8 
3.9 
.. ... . . . _.... . .  
k 1.0 km 
Cobalt concentration ranges and their distribution in 
Port Rad i urn. 
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URANIUM CONCENTRATION 
AND DISTRIBUTION 
4 0.02 mg/l 
L 0.30 mg/l 
2 0.30 mg/l 
 WATER 
----ROAD 
I d 
0 1.0 km 
Uranium concentrat ion ranges and t h e i r  d i s t r i b u t i o n  i n  
Por t  Radi urn. 
LOCATION AVERAGE PROpUcpVlTY COgm- h'
G d k L J k e  KV& d 
Cobalt Idand M July 3,1983 
6 79 17, 51 1 4 . W  Q 0.01 p l  
-c7-  
~- 
I 
Murphy 
n 2 2 2 2 2 1 2 2 
8.0 160 1435 321 3.8 1099 392 326 
51 30 sd 0.78 28 906 223 2.04 - 
0.6 0.6 5.9 14.8 2.3 18.6 
- Bay : 
x 
- Oh error - 
Elemental composition of tailings, overburden, and soil in pg/g 1 
SITE pH Cond. Co u Dy 83 V CI 
Garbage 
I1 6 6 4 17 2 2 6 1 
150 88.7 161.1 2.3 3980 351.1 421 
Lake: 
.Y 8. I 
sd 0.2 1 16 52.1 212.2 0.69 4247 226 - 
'%I error - - 17.4 6.9 21.0 11.2 12.3 22.5 
- 
I 
Cobalt 
Channel : n 6 6 3 6 1 4 2 6 
sd 0.5 37.8 14 35 2995 112 578 
error - - 13.7 6.9 25.3 22.4 16.3 - 
s I05 159 130 0.33 5571 325 <153; - .Y - 
Labine 
n 7 7 6 7 7 7 7 2 
7.5 145.7 101 224 0.21 1790 173 292 
Sd 0.24 58.3 80 260 0.11 1110 107 73 
8.6 1.4 I5 16.2 8 29.4 
- Bay : 
.Y 
- (Yo errclr - 
Si I ve r 
Point: 11 5 5 4 5 I 5 4 5 
sd 0.11 262 1015 35 - 
7.3 456 629 70 3.4 <3971 213 <I264 - s 
2962 92 232 
'%I error - - 17 10.9 22.5 - 22.4 - 
Murphy 
Lake: n 13 13 10 11 6 9 11 6 
6.9 1615 292 198 3.61 7514 374 680 
sd 1.36 3745 327 332 1.92 7191 110 92 9 
%I error - - 10.8 5.2 10.3 20.3 10.6 21.43 
- 
x 
Murphy 
Creek: n "5 5 5 5 5 5 5 5 
sd 0.27 34 523 212 0.33 309 30 129 
oh error - - 0.32 0.32 9.4 16.4 3.7 - 
7.4 180 1127 1254 4.01 1925 502 <340 - s 
I 
- C8- 
- 
Elcnicnial composition of tailings, overburden. and soil in pg/g cont'd. 
SITE pl l  Cnnd. Co U Ilg I P I  V CI 
west 
Adit: n 13 13 9 12 1 1  8 12 4 
.Y 4.7 3202 120 1001 5.4 3450 449 249 
Sd 1.61 3385 210 82 1 2.2 4646 185 60 
(!',I c'rror - - 7.9 1.5 7 1 6 . . ~  3.4 22.9 
- 
Ciarbagc 
Creek: n I I 1 1 1 1 1 1 
.Y 7.9 230 <4?.0 21.5 
stl 
0.18 2879 76.3 <656 - 
- - - - - - - - 
- - 1 1 . 1  29.5 16.3 27.3 - 
'%I error - 
~ ~~~~ ~ ~ 
Bear 
Creek; n 2 2 I 2 2 2 2 2 
.Y 7.1 955 
sd 0.28 206 - 0.05 0.05 4247 20 345 
- - 17.9 20.6 - 
168 <0.20 C0.20 3494 133 <883 
11.6 
- 
- '%I error - 
~ ~ ~~~~ 
Parking 
Lot : n 2 2 1 2 1 2 1 2 
8.8 sd 0.57 13 - 
7.6 490 149 75.9 1.36 1609 162 <482 - s 
588 - 419 - 
- 3.6 2.7 17.6 22.2 4.6 - '%I error - 
lkLir 
Bay: n 1 1 1 I 1 1 1 
Sd 
8.2 110 36.7 9.6 0.10 1208 95.2 c330.1 - .Y 
- - - - - - - - 
- 11.8 8.3 13.9 11.5 8.1 - % error - 
Control 
soil: n 1 1 1 1 1 1 1 1 
x 3.1 1200 <13.4 2.7 
sd 
0.045 741 103 <357 
- 
- - - - - - - - 
I%) error - - - 29 30.2 18.7 6.9 - 
- c9- 
Elemental composition of tailings, overburden and soil in percent. 
- 
SITE L.O.I. Mg Na Al Mn Ca 
G a rbagc 
Lake: n 8 7 5 6 7 6 
x 4.53 5.47 0.91 4.58 1.65 4.31 
sd 3.67 3.90 0.76 1.27 1.16 2.40 
21.33 12.73 10.67 1.01 16.91 
- 
- ‘!!o error 
Cobalt 
Channel: n 6 4 5 5 6 6 
s 3.15 4.48 I .42 4.23 1.97 4.23 
sd 1.88 2.16 0.52 0.45 0.36 0.89 
26.75 8.96 13.92 0.92 23.86 
- 
- O/O error 
~~ 
Labine 
Bay : n 7 7 7 7 7 7 
4.56 1.71 1.22 5.52 0.51 1.37 
Sd 4.20 0.93 0.40 0.95 0.77 0.62 
23.19 4.34 3.81 1.36 17.25 
- s 
O/O error - 
Silver 
Point: n 5 3 5 4 5 5 
1.52 3.68 1.44 4.53 I .90 4.91 
Sd 0.52 0.19 0.24 1.03 0.45 0.61 
($1 crror - 22.82 8.17 14.10 0.82 18.39 
- 
A. 
Murphy 
Lake: n 13 7 7 11 13 10 
7.06 3.03 0.30 3.59 1.70 4.06 
sd 12.20 0.66 0.21 0.81 1.48 2.08 
11.45 9.53 13.42 1.44 17.80 
- s 
- O h  error 
Murphy 
Creek: n 5 5 5 5 5 5 
0.94 5.33 0.26 5.22 0.18 2.99 
Sd 0.58 1.20 0.04 0.87 0.03 0.53 
(81 error - 7.14 10.96 3.31 1.67 12.96 
- s 
- C l O -  
SlTE L.0 .1  Mg Na Al Mn Ca 
~ ~~~~~ 
Elemental composition of tailings, overburden and soil in percent cont'd. 
\i'C51 
Adi 1 n 13 1 1  12  12 13 12 
5.90 3.80 0.30 5.28 0.30 3.08 
Sd 5.52 1.27 0.14 1.41 0.69 3.53 
8.08 7.78 3.67 2.13 15.26 
- 
x 
- '%I error 
Garbage 
Creek n 1 1 1 1 1 1 
s 2.1 1.64 1.71 5.66 0.51 1.37 
sd 
25.39 3.70 4.26 1.29 28.34 "h error 
- 
- - - - - - 
- 
Bear 
Creek: n 1 1 2 2 2 2 
8.01 1.49 1.42 4.40 1 .O? 1.64 
0.27 1.39 0.91 0.50 
- s 
- - Sd 
error 25.10 5.20 8.13 1.08 26 - 
Parking 
Lot : n 2 2 2 2 2 2 
.t- 3.45 2.47 1.52 5.08 0.49 1.21 
- 
Sd 2.05 0.04 0.22 0.14 0.47 0.45 
15.85 3.42 3.72 1.09 20.67 - O h  error 
Bear 
Bay: 1 1 1 I 1 
0.67 1.71 6.03 0.07 1.14 
12.71 1.37 2.67 1.76 14.02 
- n 
sd 
- - x 
- - - - - - 
Yo error - 
Control 
Soil: n 1 1 1 1 1 1 
x 11.6 1.85 2.63 4.72 0.04 K0.36 
sd 
O h  error - 8.26 1.02 3.10 2.22 - 
- 
- - - & - - 
- c 1 1 -  
Scinients .iround the Potl k d i u n i  Rninsula. 
EL E M ENT Ih’NtR L A B l N t  OLWH LABINE COBALT M I  ‘RPH Y 
Bi QUALITY BAY BAY CH ANN EL BAY 
t P S  KALIN EPS KALlN EPS KALIN FPS KALIS 
1 1 2 1 5 6 1 1 
910 270 700 44 3 n3 163 
Sd na 0 693 0.6 898 498 na 0 
1r 5 w e  s na 48 
‘81 error - 1.7 3.6 - 0. a - 0.6 - 
1 1 2 1 5 3 1 1 
282 171 452 794 
282 7.1 0 0 
- < 242 
< 76 
< 82 
co  1 
Pdi3 s 69 58 571 224 
sd 0 0 216 0 
error - 7.7  
DL. 
11.4 - 0.8 - 3.3 - - - -. - - - - - - 
- - - - - 
~ ~ ~~ ~~ 
kl 1 I 1 2 1 5 6 I 1 
P#h - s 846 I I4 880 1349 1089 4816 696 
sd 0 0 124 5 0 206.4 2633.5 0 
DL 
- 
- 23.1 - - 14 5 - 
< 544 - - - - - ‘%I error - I I  3 - - 
E I 1 2 I 5 5 I I 
x 14700 16203 23.100 13328 21680 I2261 25800 23629 
sd 0 0 707 1. I 0 5965.5 500 1 0 0 
25.2 - 6.48 - 11.1 - 7.9 - ‘ b i b  error 
DL - - - - - <71879.4 - - 
1 1 I 2 1 5 6 1 1 
x 10800 12023 7100 13328 698 11399 3800 2087 
Sd 0 0 3252.7 0 3389.2 0 0 0 ~~ 
10.2 - 5.8 ‘h error - 1.8 - 11.1 - 
v r- 1 1 2 1 5 4 1 1 
Pgfg .Y I04 109 268 179 222 321 332 356 
sd 0 0 128.1 0 I08 3 78.0 0 0 
LX. - - - - - <l80.0 - - - - - - - <321.8 - - 
13.9 - 2.1 - 5.9 - 5.3 % error - 
Al ”_ I 1 2 1 5 6 1 I 
pi34 X 68100 63953 52500 51492 60480 43741 50400 40713 
Sd 0 0 240.4 0 13854 6244.8 0 0 
11.3 - 2 8  - 1.8 - 1.5 04 error - 
~~ 
Mn 1 I 1 2 1 5 6 1 I 
s 702 504 2995 2105 13841 17786 5070 92 1 
Sd 0 0 1067.7 0 13062.8 4757.4 0 0 
I r @ g  
0.8 - 1.4 %I error - 2.1 - 1.0 - 
~ ~- ~~~ 
ca 1 I 1 2 1 5 6 1 1 
pdL: s 9080 7764 15800 13745 38218 35650 1.1800 12624 
Sd 0 15.7 0 0 29431.1 13507.4 0 0 
n 1 I 2 1 5 6 1 I 
!h 11.5 10.6 3.6 3.9 4.0 3.1 0.8 0.3 
Sd 
23.9 - 12.6 JI error - 15.7 4525.5 13.0 - 
L.0.I  
- 1.3 1.9 - - 0. I - - 
n = No. of saniples with conc. X = mean of coiic. 
sd = variance of conc. niesn 
DL = samples of M i n  INAA) whidr were less than d e l e d o n  limit in p g / g .  
C error = mean of errors of N A A  Kalin. 
-c12-  
Water quality in outer Labine Bay station 38-4 (1969 - 1982). 
~ ~- 
REDSH A W' KALIN* 
JUNE - JANUARY & MAY - 
AUGUST JUNE JULY NOVEMBER JANUARY JULY ELEMENT JUNE 
& QUALITY 1969 1970 1971 1972 1973 1974 1982 
No. of 
samples n = 1  n = 4  n = 2  n - l  n = 6  n = 1  n -3 
PH 7.6 7.9kO. 1 7.9k0.1 6.6 7.920.1 8.6 7.520.0 
~ ~~~~~ 
Cond.' 181 15524.5 1 6 7 2  2.5 n r  1552  5.3 155 1 002 0.0 
mg/l mg/l mg/l mg/l mg/l mg/l mg/l 
-~ ~~ ~ ~ 
rc,a 17.2 16.2' 16.9+ 1 17.5 16.321.6*** 16.0 16.721.1 
As 0.022 0.0052 0.007** 0.02' < 0.004 < 0.01 < 0.004 0.1320.13 
ClJ < 0.01 0.01-cO.01 0.16~0.21 < 0.001 < 0.015 0.055 O.OO+O.OO 
Fe 0.19 0.11-t0.03** 0.07j~0.04 n r  0.03 -t 0.05 0.61 0.01~0.01 
Pb n r  nr 0.016' < 0.004 0.01~0.01 0.004 0.03+0.02 
hT nr  nr  n r  n r  < 0.03 0.004 O.OO+O.OO 
- 
zn nr  n r  0.025' < 0.01 0.002k0.002 0.009 O.OO+_O.OO 
co n r  n r  n r  0.004 < 0.02 0.001 0.02*0.01 
'Redshaw (1974):sample station 38-4. 
'Win  : ICP analyses for sample stations 5W- 1, 2, 3, & 4. 
3May-November: with the  exception of September. 
4cond.: @ h o d a n .  
h - 1  
*% = 2 
' 0 %  = 3 
n r  = n o  results 
rto.01 
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Cobalt (3lannel water characteristics (1969 - 1982). 
REDSHAW' SUTHERLAND KALIN 
ELEMENT JUNE JUNE JULY-JAN. JAN. JULY- AUG. JULY 
& QUALITY 1969 1971 1973 1974 1978 1982 
n = l  n = l  No. of samples I n 1 6  n = 1  n = 2  
~ 
PH 7.7 7.5 7.75+0. 14 8.0 nr  8.3 + 0.08 
145f28.9 C ~ n d . ~  167 163 160.5f 10.1 200 170fO 
mg/l mg/l mg/l mg/l mg/l 
ca 15.6 16.2 , 18+0* 20 11- 1 7 f 0.48 
k 0.002 0.02 0.02+ 0.03 < 0.004 < 0.005 0.03 + 0.06 
cll 0.01 c 0.001 0.0033+0.0004 < 0.001 < 0.02 o+o 
~ ~ ~~ ~~ ~~ ~ ~~ IW 0.08 0.05 0.1 1 f 0. I4 < 0.02 0.02 + 0.02 . 0.11+0.19 1 
- c 0.003 O.Ol+O.Ol 0.005 < 0.005 0.05+0.05 I 
Ni - - 0.01 kO.01 0.003 < 0.03 0.01~0.01 
0.002 0.0048+ 0.01 0.007 < 0.01 0.01 -t 0.02 In - 
~ ~ 
- - 0.0013~0.0016 < 0.001 < 0.05 
'Redshaw (1974):samples for 1969, 1971, 1974at site (38-61, 1973 (38- 5,6h 
2Sutherland b.c.1: samples for 1978 at site 11. 
3KaIin : ICP analyses for sample stations 2W- 1, 2, 3, & 4. 
4July-Jan.: with the exception of Sept., Nov. & Dec. 1973 
%nd.: pmhos/cm 
Ln = 3  
*?I = 1 
n r  = not reported. 
Charadcrisrics of eflbcnls from Garbage Lake (1973 8: 1982). 
Wl LSON ' R ED91 A W' KALIN 
ELtMENT hl.l\Y 1978 hlAY-AUG.  1973 JULY 1982 JULY 198; 
& QUALITY GARBAGE LAKE GARBAGE LAKE 
\'-notch V-n 01 ch 
n = 2 2  n = 4  n = 7  n = 1  
7 . 5  2 2 0.24 7.4820.15 8.21~0.13 7.2 
1 Cond . :r 6032 742 3 7 7 k  79 3 4 5 2  5 110 
mg/l mg/l mg/l 
4 2 . 9 3 2  13.79' 29.202 10.75** 34.7621.32 23.01 
~ ~ _ _ _ _ _ _ _ _ _ ~  ~ 
2920.31 0.01 20.004 0.050k 0.010 0.008 
cu 0.02 2 0.0 1 0.022 0.003 0.00~0.0 0.00 
Fe 0.962 1.12"' 0.6320.14 0.01 20.01 0.02 
Pb € 0.05 0.0120.01 0.04 2 0.03 0.04 
Ni 0.23 2 0.09 0.022 0.02 0.062 0.0 1 0.02 
zn 0.03 2 0.02 0.292 0.05 0.003 2 0.004 0.00 
cd < 0.01 nr 0.02 0.0 0.0 
Mg 13.032 4.43**** nr 14.9520.26 8.06 
'Wilson (1978). 
*Redshaw ( 1  974). 
jCoiid.: phos/cm. 
h = 13 
'h = 2 
"h = 18 
"'h = 12  
- c15-  - 
.18 - 
.16 - 
J4 - 
.12 - 
cow. 10 - 
(mg 1) 
-08 - 
.06 - 
.uu 
I I I I I I  I J J A S O N D J F A A Y J ~ A ~ ~  h I J I L A P j S A A b  A b J I i 4  
1979 1980 1981 1982 
1979 1980 1982 
Lead and arsenic concentrations along with pH and electrical conductivity for 
station 38-4 in the outer Labine Bay (1979-1982). Seasonal changes in these 
parameters are suggested. 
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Calcium Concont rationfmg/~] 
.01-11.99 
12.00-2399 
24.00-36.00 
_._-- road 
b 
0.0 
Concentrations of calcium in water samples in the Port Radium vicinity. Cal- 
cium concentrations ranged from 15.76 to 35.47 mg/l. Great Bear Lake has an 
average calcium concentration of 16 mg/l (Johnson, 1975). 
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?:. 
_I .!.;::.- % .-i:..... . :!! .. . 
.::: ..: .._ .
Magnesium I 
Concentrationhg/~ 1 
.01- 5.49 
I 5.50 - 10.99 
I 11.00 - 16.50 
b 
O S k m .  
.._-- road 
0.0 
Concentrations of magnesium in water samples in the Port Radium vicinity. 
Magnesium concentrations ranged from 7.21 to 15.31 mg/l. Great Bear Lake has 
an average concentration of 6.7 mg/l (Johnson, 1975). 
8 
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Barium Concent ration (mg/i) 
Concentrations of barium in water samples in the Port Radium vicinity. The 
concentrations ranged from 0.030 to 1.67 mg/l. Freshwater concentrations for 
barium are given by Bowen (1966) as 0.054 mg/l. 
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Arronic 
Concontrrtion(mg/ I 1 
.001-m9 
.lOO-.l99 
0 *2007299 ...-- road 
3.0 0.Skm. 
d 
Concentrations of arsenic in water samples in the Port Radium vicinity. Arsenic 
concentrations ranged from 0.0000 to 0.280 mg/l. Freshwater average background 
concentrations are between 0.002 to 0.01 mg/l (Allen, 1974). Open circles are less 
than the detection limit of 0.002 mg/l for ICP or values of 0.0000 mg/l. 
-c20- 
Concentrations of thorium in water samples in the Port Radium vicinity. Tho- 
rium concentrations ranged from 0.01 to 0.07 mg/l. Background concentrations in 
freshwater are reported to be less than 0.00002 mg/l (Bowen, 1966). Open circles 
are less than the detection limit of 0.01 1 mg/l in 1CP analyses. 
- .  
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Urmlum Concontration 
0 1 0 0 .  390 (YO” 
...-- road -- 
OSkm. -- 0.0 
-- 
Concentrations of uranium in water samples in the Port Radium vicinity. Con- 
centrations ranged from 100 to 941 &I. Open circles are values below the detec- 
tion limit of 100 pg/l or values of 100 p. Canadian Shield Lakes ranged in 
uranium concentrations from 0.001 to 170 pg/l with a median value of 0.05 pg/I 
(Environment Canada, in press). 
-c22-  
$ _I .:!. .:;;:;:.. ,.... ::
' I :  . 
.:.::. 
,... :.. . .. 
.: 
.. . 
- -  
Aluminum 
Concentration(mg/l) 
0 .ol-.39 
.40 -.79 
.80-1.20 
._.-- road 
b 
0.5km. -- 0.0 
Concentrations of aluminum in water in the Port Radium vicinity. Aluminum 
concentrations ranged from 0.06 to 1.10 mg/l. Background concentrations of 
aluminum in Canadian freshwater are reported to be less than 1 mg/l (Environ- 
ment Canada, 1979). 
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i 
Coneentratlons of lead in water in tbe Port Radium vicinity. Concentrations of 
lead ranged from 0.05 to 0.09 mgA. Open circles are below detection limit of 0.05 
mg/l. Background concentrations of lead in freshwater are reported as 0.005 mgA 
(Environment Canada, 1979). 
.ot--.o6 
0 7  709 
..._- road 
Nickel concentrations h waters in the vlcinitg of Pert Radktm. The concentra- 
tion ranges of nickel are Q.02 to 0.08 mdl. Natural background concentrations for 
freshwater are reported by Environment Canada (1979). as 0.1 mgh. Open circles 
are at the detection limit of 1CP of 0.014 mg/l or values lower than of O.oo00 mdl. 
ldentificcttion of dgal samples in Port Radium, NWT. 
LOCATION DOMINANT CO-DOMINANT & DESCRIPTION MINOR COMPONENT 
Bear Creek 
Upst ream 
Garbage Creek 
Rear h y  Beach 
Bear B a t  
West Bear Bay 
Control Boy 
Cobalt Channel 
(tailings beach ) 
Td)porlrtiv sp. 
bryoph yt es 
Uffhri.x spp. 
Uwhtir spp. 
U0thri.v spp. 
Uffhtir spp. 
Uorhnk spp. 
- fiament ous btue-green 
Mticula spp., Ntzsdia spp., pennate diatoms 
Binaria sp., Cjvnbdla sp. 
Tabellaria fun cstrata, pennate diatoms 
Acnanrltcs sp., 
flamentous green 
Nadciila spp., kttphora sp., 
Girnaria sp., 
pennate diatonls 
krabnma sp. flamentous bluc-green 
- nol present 
not present flamentous green, IUO species : large and small 
cells. 
Clasterium sp. desmid 
Otlam.dan,onas sp. and unicellular greens. 
coccoid greens. 
flamentous green, large 
and small cells. 
desmid. 
Naiiwla spp., Anpllora sp. pennale diatoms 
flamtntous green , large 
and small cells. 
Annulatiasp., kcinrla sp. pennate diatom 
Uronema sp. flamentous green 
- 
- fiamentous green, two 
Species : +rge and small 
cells. 2 
No Vwla spp . pennate diatoms . 
CGcillatoria sp. flamen t ous bl ue-green 
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Major terrestrial plants‘associated with waste materiol in Port Radium. - - 
cmos 
FAMIL) 8L OUTSIDE FAULT MURPtiY WEST CONTROL RANGE HABITAT 
SPECIES LAB LAKE CREEK ADlT BAY 
WHO swm silo OWR T 1,s 
LICHENS 
Cmario n~c~~rllo~u (Bc11.) Ach. X X AAA In nicadowb and among 
Ccrrurin niwlis (L.) Ach. X A A A  In meadows and among 
(‘iadoiib ’ g. p~rnrdu~u (L. 1 X ATM On humus and soil over 
HoRm . 
.9rrrocuitkoti qf. roit1ctirosiriti X ATM On soil over rocks and on 
Fr . humus. 
BRY Opt 1YTES 
h b  cmniniirm rrrrgiduni x ASA Moist mossy areas. 
(U’hal.) Schwacgr 
Lkrrorrum c(. niqjrirrs Sm. ex ABO Rocky scree slopes. 
rocks. 
rpcks. 
rocks in opcn aic8s. 
-Cluitonio spp. X 
&Mia 
&wm orgcnfeccm Hedw. X cos Most prevalent on rocks 
at high elcvstions in Arc- 
tic and Antarctic. 
Thuidium obierrnun, (Brid. X ATM On soil and rocks. usually 
BAG. calcareous 
Htldiitm ciliclrt (L ) ttdmpc x ATM On soil over rocks. 
EQUISiTACEAE 
&urscticm arwnsr L. x: X ATM Hdbiiat and soils variable; 
weed. 
&irisprrim liprole L. . x  BOT Sandy soils and woods- 
brcisririiri scorpiodc.s L . X UOT Conifer woods. tundra. 
hcdths. swamps. 
CYPERACEAE 
Cam rrquutilis Wahlcnbb. ssp. X ABO Shallow water, marshes, 
aqrqti/is along rivers. 
Erlophorum c/. angust(/olilmi x ATM Wet bogs and shores. 
Honck. 
AAA = arctic and arctic alpine 
ASA = iirciiu and sub-arctic 
COS = cosmopoliian 
WRO = waste rock and owxburden 
SHO = shores 
TLS = tailings 
ATM = arctic and temperate 
ABO = arctic and boreal 
BOT = boreat and temperate 
SWR = side of wasle rock 
OWR = waste rock 
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CHOSS 
' 0ItTSll)t:. I:AliLT MLXPIIY WEST CONTROL. RANGE 
LAH 1.AKF. CHEEK ADIT BAY 
HABITAT 
WHO SWH Sl lO OH'R TLS 
EKICACEA 
~ r o l u  usariltilru Michx. v. X BOT 
prrrpitrw fBunpc) Fern. 
kdrcnr ,rrcw*r/utnJtcurrr Ckdcr x ATM Ileoths. dry rocky plitccr. 
fMPETRACEAE 
Woods, mcadows. 
LECil'hllNOSAE 
PRIMULACEAE 
Adrasw to rqntwritwrulis L. S ABO Dry rocky, sandy places 
COMPOSITAE 
in mountains. 
BOT = hareal and trnipcrrtc 
ARC = arctic 
BGA = Berindan arctic 
BOR = boreal 
ABA = arctic. boreal, North America 
H'RO = waste rock and overburden 
SHO = shores 
x BAB Stony slopes, river h i s ,  
meadows. 
ATM = urctic and teniperatc 
ABO = mrc*ic and boreal 
AMT = arctic and mountain 
BAB = Beringion rrdic and boreal 
TLS = tailings 
SWR = side of WdSk rock 
OWR = wnsle rock 
PINAC'EAE 
Area xlawca Moench. X BNT Forest tree. 
Jirriipvrus horcniialrr - X UNT Rocky and s;indy place\ 
SALICACEAE 
sulk kMfatl(l W g .  X X X ROT Moist or wet places. 
Saliv cf lurtora L:. sm. ARC Wet dares. heaths. riuer- 
dirtma Michx.) bags: 
&nda pupwitt ra X X BOT Forest tree to shrub. 
ELEAGNACSAE 
Woods, gravel bars. X N RT 
X N I3T Wci nnd dry ground: 
forcsts, heaths, muukcg. 
screc., 
thickcts. 
X BOT Woods, heaths, bogs, Rosa mrdaris Lindl. 
kFK1 = arctic And borclll 
BNT = borcd and, narthern temperate 
"HA = west bbrcd. sorth Anicrica 
Ah'A = srctic. northern tcmpcr,iic. Sorth ..\mcric.i 
WRO = WJSIC rock and ovcrburdcn 
SHO - shores 
BOT = borcul and tcnipcrdie 
ARC = arctic 
NBT = northcrn boreal iind tempcrm 
TLS = tailings 
SWR = side of H'JSI~ rock 
OWK = waste rock 
Plate : 
APPENDIX D - 
1. PORT RADIUM: View northeast. 
2. View southeast showing Garbage Lake(1ight 
green). 
3. Silver Point tailings area. 
4. West Adit tailings area. 
c 
1. PORT RADIUM: View northeast. Clockwise from upper left: 
Radium and Murphy Lakes, Silver Point tailings area, and 
West Adit tailings area. - 
2.View southeast showing Garbage Lake (light green). 
F- 
4. West Adit tailings area. 
